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DECISION AND COMMENT 


R. HAROLD WATKINSON, Minister for Trans- 

port and Civil Aviation, is a busy chap. Goodness 

«knows he would be busy enough if his parish was 
limited to civil aviation but in point of fact civil aviation 
is but one parish in quite a large diocese which ranges 
over wheeled and hulled transport as well as the winged 
variety. All the more credit to him therefore for estab- 
lishing so clearly the right of a national airline to make 
its own technical decisions and to sink or swim by its 
own lights. Even to those of us who have been aware 
for so long (see THE AEROPLANE for January 3 last) that 
B.E.A. had made up its collective mind to buy the 
D.H. 121, his answer in the House on February 12 was 
a matter for satisfaction. The wretched scuffle which 
has been going on has made us self-conscious at home 
and of reduced stature abroad. 

Sir George Edwards, president of the Royal Aero- 
nautical Society, put the situation with his customary 
directness when talking in New York recently. The 
occasion was a luncheon given by the Institute of The 
Aeronautical Sciences on January 30. This was the 
function at which he made the classic remark: “I am 
not going to spend time in making good speeches about 
the things that we are going to do because if there is 
one disease that is pretty well common to aviation as 
a whole, it’s shouting too loud and too soon. .. . 

“We've had our disappointments and failures in this 
business at home,” he went on, “ and so for that matter 
have you. If there’s one single trouble at home that 
you can put your finger on—I wouldn’t labour this too 
much, but I think it may be the biggest single cause— 
it’s because jobs have been given, principally Govern- 
ment-financed work, to companies that don’t have the 
facility to see it through. When I say ‘see it through,’ 
I mean ‘ see it through,’ I don’t mean getting to the stage 
of a prototype skiddling around so that everybody gets 
ever so emotional and excited about it—I mean ‘see it 
through’ and turn it into a lot of operational, usable, 
aeroplanes. I think maybe the Government have 
realized their shortcomings—though they probably 
might not agree that they’re their shortcomings. 

“ There is little doubt that one thing that will emerge 
during the next few years is an industry that consists 
of a smaller number of bigger units in which each unit 
will have the financial and other resources to see the 
thing through to the bitter end. I believe that that will 
have a significant effect on reducing the number of 
things that have previously gone wrong.” 

Later he said that the White Paper, meaning that 
dealing with Defence and published in 1957, said that 


there would be no more manned aeroplanes. “ Whether 
there will be any more manned aeroplanes,” commented 
Sir George, “I would not know; I have little doubt 
that if we could afford to have some more, there would 
be some more, so that there was a longer overlap 
between the manned aeroplane and the guided weapon 
which is not yet proved operationally.” 

Since Sir George made his speech, this year’s White 
Paper on Defence has been published. We propose 
to publish a commentary upon it by Sir Robert 
Saundby next week. However, it does so happen, and 
perhaps the organization so close to the appearance of 
the White Paper is absolutely fortuitous, that R.A.F. 
Transport Command and the Army have staged a 
small operation of moving some troops from this 
country to North Africa. It is only a matter of 
moving 500 men, 10 tons of equipment and nearly a 
dozen Land Rovers and trailers. It is taking four 
Beverleys, one Comet and four Hastings to do the job 
and each aircraft has to make a double trip. Clearly, 
a lot more aircraft will be needed to implement the 
significant paragraph in the White Paper, namely, that 
“it is essential for the Army to maintain a, strong 
Central Reserve, supported by an adequate fleet of 
aircraft, to carry reinforcements rapidly to any part of 
the World.” 

True, 20 Britannias have been ordered for this 
purpose, but bearing in mind the difficulty that a 
Fighting Service has in making sure that aircraft are 
serviceable at the exact moment they are required, it 
is certain that yet more aircraft will be needed if the 
Central Reserve is to have the mobility that is essential. 

Such remarks in no way reflect on the Britannia. 
Indeed, as Sir George Edwards reminded his hearers 
in New York, the Britannia is in full service all over 
the World, including on the North Atlantic, where it 
holds the record. “The situation as of today is that,” 
Sir George declared, “there are 25 Britannias in 
service that have flown a total of 36,000 airline hours 
and they work on the North Atlantic and are certifi- 
cated and carry fare-paying passengers and you can go 
and buy a seat in one. And, finally, I can’t pretend 
that the Viscount doesn’t exist, but it’s been working 
for five years, although one or two of them have 
stopped working during the past week or two. During 
that time it’s done a million airline hours, and I think 
the word airline, maybe, is the operative thing there. 
So that this old industry of ours, you see, has done 
quite a bit since 1949... .” 
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MATTERS OF 


MOMENT 


The Decision is Made 


N February 12 the Minister of Transport and Civil Aviation 

announced (in a written answer in the House of Commons) 
that British European Airways were to open negotiations with 
the Aircraft Manufacturing Company for their new turbojet 
transport—in other words, that B.E.A. are to be allowed to go 
ahead with their plans for the D.H.121. The Corporation intends 
to order 24 and to retain an option on a further 12. 

The long-awaited statement on the decision was simple and 
was made without comments or explanation. Apart from a 
Sentence to the effect that Rolls-Royce would develop and 
manufacture the powerplants, the only additional remark in the 
written answer was to the effect that “ the Government will wish 
to be satisfied that the whole project will be developed and 
manufactured as a private venture by the companies concerned.” 

The companies which consititute A.M.C. are, as previously 
announced (THE AEROPLANE, February 7, pp. 160-161) the de 
Havilland Aircraft Company, Hunting Aircraft and the Fairey 
Aviation Company, with participations in proportions, 
respectively, of 674%, 224%, and 10%. The board of directors 
of A.M. will consist of four from de Havilland, two from 
Hunting and one from Fairey. 

The full support of the Rolls-Royce Company is to be given 
to the project and the three powerplants for the D.H.121 
(illustrated in the issue of February 7, p. 166) will, as already 
forecast, be R.B.141s. This engine, which will give a static 
thrust of approximately 12,000 lb., is a type being developed 
from the Conway and having an increased by-pass ratio to give 
a better fuel consumption. 

Not very much in the way of new information is available 
about the D.H.121, for which the specification has still to be 
finalized. In addition, however, to meeting the requirements 
of B.E.A. (for an aircraft which will carry 70-80 standard-class 
passengers, or 95-100 in high-density seating, over stage-lengths 
up to about 1,000 miles at a cruising speed of more than 600 
m.p.h.), de Havilland state that the basic design “ will embody 
a considerable measure of adaptability as regards stage length 
with capacity payload, so that the D.H.121 will serve a variety 
of requirements, including those of overseas operators.” 
Emphasis will be placed on “ the achievement of a high degree 
of economy and on the ability to operate from aerodromes of 
6,000 ft. in fength.” Entry into service is planned for 1964. 


Elands Leap Ahead 


N ORDER worth £14m. has been placed with D. Napier 
and Son, Ltd., for 30 Napier Eland turboprop engines to 
power the new Canadair CL-66 transport for the Royal 
Canadian Air Force, to be known as the Cosmopolitan. 
The CL-66 is a Canadair-built version of the Convair CV-540, 
the proposed Convair version of the Eland-Convair (THE 
AEROPLANE, April 26, 1957), both Canadair and Convair being 


fo 


members of the General Dynamics Corporation. The engine 
order is for 10 aircraft on the usual provisioning basis of 
one and a half aircraft-sets of powerplants. 

The Elands to be supplied are the 3,500-e.h.p. N.EI.6 shaft 
turbine, as fitted to the standard Eland-Convair, and will have 
de Havilland 4/6/6 Hydromatic propellers. The Eland-Convair 
was demonstrated to the R.C.A.F. recently at Uplands Air 
Force Base, Ottawa, during its flight to Santa Monica, evidently 
with this very successful outcome. 

The Eland-Convair has normal tourist accommodation for 52 
and a take-off gross weight of 53,200 lb. Recommended con- 
tinuous cruising speed at 23,000 ft. and a weight of 46,000 Ib. 
is 310 m.p.h. and the range (take-off to landing) with 12,880-lb. 
maximum payload in still air with no reserves is 1,700 statute 
miles. 

Early last year Napiers appointed PacAero, a subsidiary of 
the Pacific Airmotive Corpn. in Santa Monica, California, to 

(Continued on page. 226) 
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ENGINES EXPORTED.—An early 
photograph of this prototype Napier 
Eland-Convair which is generally 
similar to the Canadair CL-66 Cosmo- 
politan for the R.C.A.F. for which the 
British engines have been chosen. 
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White Paper 
Points 


(Cmnd. 363 published Feb. 14) 


@ RUSSIA'S successful launching 
of artificial satellites is evidence of 
her remarkable progress in rocket 
development. But it should not be 
thought that this has upset the 
balance of military power. In 
fact, the overall superiority of the 
West is likely to increase rather than 
diminish; as a consequence of the 
advent of medium-range ballistic 
rockets. These weapons, against 
which there is at present no answer, 
could, from sites in Europe and else- 
where, dominate practically every 
target of importance in the Soviet 
Union. The possession by Russia of 
rockets of equal range will not, for 
reasons of geography, afford her any 
corresponding strategic advantage. 
. . . both sides are proceeding with 
the development of submarines, 
capable of firing nuclear missiles 
from under water. 


@ THE SOVIET UNION and her 
satellites have over 200 active divi- 
sions facing the West, about 20,000 
aircraft, and a fleet which includes 
some 500 submarines. 


@ THE STRATEGY of NATO is 
based on the frank recognition that 
a full-scale Soviet attack could not be 
repelled without resort to a massive 
nuclear bombardment of the sources 
of power in Russia. In that event, 
the réle of the allied defence forces 
in Europe would be to hold the front 
for the time needed to allow the 
effects of the nuclear counter-offensive 
to make themselves felt. 


@ THE MEMBERS of NATO 
possess between them the World's 
greatest manufacturing and scientific 
capacity. If weapon research and 
production could be jointly planned, 
considerable economies in time and 
resources could undoubtedly _ be 
secured. Within the framework of 
the Western European Union, Her 
Majesty's Government have, during 
the current year, initiated discussions 
on this subject with the French, 
German and Dutch Governments. 
Technical studies are now proceeding. 

@ BRITAIN is now making an 
increasingly significant contribution to 
the Western nuclear deterrent. She 
has a substantial and growing stock- 
pile of kiloton weapons, the design 
of which is being steadily improved, 
as a result of the experience gained 
from the trials at the Maralinga 
proving ground in Australia. Follow- 
ing upon the successful thermo- 
nuclear tests at Christmas Island, 
British megaton bombs are now in 
production and deliveries to the 
Royal Air Force have begun. 


@ THE BRITISH strategic bomber 
force, which is equipped to carry 
these bombs, provides a mobile and 
flexible form of military power. While 
based in Britain, its aircraft can be 
transferred within a few hours to 
stations overseas. The majority of 
the squadrons are equipped with 
Valiants; but the proportion § of 
Vulcans and Victors, with their greater 
performance, is increasing. These can 


aa 


Photograph copyright *‘ The Aeroplane” 


AIR MOBILITY.—Troops of the 24th Infantry Brigade boarding a Transport 

Command Beverley at R.A.F. Abingdon on February 14 when Exercise “Quickstep” 

began. The object was to take 500 men, 10 tons of equipment plus 11 Land- 

Rovers and 11 trailers to R.A.F. Idris in Tripoli. All were due back by February 21. 

Four Beverleys, one Comet and four Hastings were involved, each making two 
round trips (see p. 235). 


fly as high and as fast as any bombers 
in service in any other country; and 
their navigational and bomb-aiming 
equipment is of the highest accuracy. 
In addition, progress is being made 
with the development of propelled 
bombs. 


@ IN ORDER to obtain the 
earliest possible warning of the 
approach of hostile aircraft, the 
organization of the radar watch is 
being improved and is being more 
fully linked with the system on the 
Continent. Following upon the deci- 
sion, announced a year ago, that it 
was not practicable to attempt to 
defend the country as a whole against 
nuclear attack, Fighter Command now 
has the more limited task of protect- 
ing the bomber bases; and its strength 
is being reduced. British short-range 
ground-to-air missiles will begin to be 
deployed during the coming year, and 
a longer-range type is in course of 
development. 


@ NOW THAT Britain has a sub- 
stantial strategic bomber force and a 
growing stockpile of nuclear weapons 
of her own, it has become necessary 
to co-ordinate operational plans with 
the United States Air Force. 


@ BRITAIN’S expenditure on the 
strategic bomber force and its nuclear 
bombs, and on related research and 
development (including work on 
ballistic rockets) represents less than 
one-tenth of the Defence Estimates 
for 1958-59. The fighter force and 
the control and warning system, 
together with research and develop- 
ment on fighters and defensive guided 
missiles, represents an approximately 
similar amount. Together they add 
up to between 15% and 20% of the 
total Defence Estimates. On the basis 
of present plans and estimates, it does 
not seem likely that these costs will 
increase significantly over the next 
few years. 


@ THE WESTERN nuclear deter- 
rent will shortly be supplemented by 
Intermediate-Range Ballistic Missiles, 
and Her Majesty's Government have 
accepted the offer of the United States 
Government to supply Britain with 
such weapons. 

@ A BRITISH ballistic rocket of 
a more advanced type is _ being 
developed on the highest priority, in 
close co-operation with the United 
States. This is being designed for 
launching from underground. 

@ THE widely dispersed nature of 
British military responsibilities makes 
it essential for the Army to maintain 
a strong Central Reserve supported ty 
an adequate fleet of aircraft to carry 
reinforcements rapidly to any part of 
the World. 


@ A NUMBER _ of important 
projects are in hand to ensure that 
the Royal Navy will in the years 
ahead continue to keep abreast of the 
times. A new comprehensive radar 
and aircraft control system for 
carriers, more advanced than any 
other in service elsewhere, has been 
introduced. A low-level tactical 
bomber is being developed for the 
Royal Navy, and its adoption by 
the Royal Air Force is being con- 
sidered; the prototype will fly later 
this year. The development of a 
nuclear submarine is proceeding, with 
the valuable co-operation of the 
United States. 

@ IN THE Atlantic and Mediter- 
ranean, the Royal Navy and maritime 
aircraft of the R.A.F. will continue 
to play their part in NATO. The 
British naval forces in this area will 
include two carriers, two cruisers and 
a number of destroyers, frigates and 
submarines. The carriers, while con- 
taining some fighter and strike air- 
craft, will be equipped predominantly 
with anti-submarine aircraft and 
helicopters. 
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(Continued from page 224) 
be their representatives for the C.A.A. certification programme 
on the Eland-Convair demonstrator and to do conversion work 
as required. Since then, REAL of Brazil have ordered a con- 
version of three Convair 340s and will probably convert the 
remainder of their fleet. 

The Canadian order is the first instance of the Eland being 
specified as the original powerplant of a fixed-wing production 
aircraft. The prototype Fairey Rotodyne compound helicopter 
has two Eland N.EI.3 engines and production models will have 
the N.EI.7, essentially an N.EI.6 with auxiliary compressor 
added. The Westland Westminster twin-engined helicopter will 
also have two Elands. 


Aero-engine Co-operation 


| pelea gar developments in the Hawker Siddeley Group/ 
Bristol Aeroplane Company's consortium discussions were 
indicated by reports last week that a closer link between Bristol 
Aero-Engines and Armstrong Siddeley Motors was likely to 
come into being. Current discussions, it was suggested, were 
centred around the desirability of a close co-operation between 
the two units on the design and production of aero-engines. 

No official comments have been forthcoming from either of 
the companies concerned. It would certainly seem logical to 
suppose, however, that an extension of the talks at Group 
level, dealing with co-operation in relation to the B.E.A. jetliner 
project, might well lead to consideration of further links 
betweer. the component units of the two concerns. 

Any tie-up between Bristol Aero-Engines and Armstrong 
Siddeley Motors would presumably be on a general basis and 
not be associated with any one power unit. Together they would 
represent one of the biggest aero-engine groups in the World. 

In the cuts following the 1957 Defence White Paper Arm- 
strong Siddeley Jost the largest development contract ever given 
to a British aero-engine company. Engines for the Avro 
supersonic bomber were being developed; the contract was 
worth more than £20 million, according to Armstrong 
Siddeley’s managing director, Mr. H. T. Chapman, C.B.E., at 
the company’s apprentices’ dinner on February 14. 

Mr. Chapman said that the company’s turnover had increased 
ninefold between 1946 and 1956 and that last April there were 
12,700 employees compared with about 4,000 just after the War. 

It should be noted here that Britain’s aero-engine industry as 
a whole has cause to be well satisfied with its export efforts. A 
recent report from America has suggested that British engines 
may be bought for “tankers and other aircraft” of the 
U.S.A.F.’s Strategic Air Command. Both Bristol and Rolls- 
Royce engines are mentioned in this context, but no information 
is available on the units concerned; presumably, however, it is 
Olympus and Conway turbojets that are involved. 
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Heinemanned Hypersonics 


ECENT revelations, speculations and _ configurations 
purporting to represent North American Aviation’s forth- 
coming X-15 space research aircraft have brought forth some 
relevant reverberations from our old friend Ed Heinemann’s 
’ Douglas design team 
Operating on the other 
side of the road at El 
Segundo, next door to 
North American’s Los 
Angeles plant. These 
manifestations of 
light, heat, sound and 
shape are reflected in 
a most informative 
S.A.E. paper presented 
by Kermit E. Van 
Every, chief aero- 
dynamicist of Douglas, 
El Segundo Division— 
one of the _ top- 
notchers of this eclec- 
tic profession as 
practised in the U.S.A. Highlight of the paper, shown in the 
accompanying sketch, is the Douglas D-558-III, a design study 
in manned hypersonics started for the U.S. Navy in June, 1953. 
Later, the project was dropped for lack of funds. 

As intended with the X-15 now under construction, the 
D-558-III would have been dropped from a B-S52 carrier-plane 
at about 40,000 ft., following thence a ballistic flight path arcing 
at 38° from the vertical at burnout. Although greater altitude 
could be achieved with a steeper climb angle, this particular 
trajectory was chosen in order to restrict the resultant pull-out 
loading to a tolerable 10.2 g for the pilot and, in round figures, 
it was computed to yield a maximum height of 750,000 ft. (140 
miles) and a maximum speed of 6,000 m.p.h. (Mach 9). The 
entire flight cycle of this fantastic rainbow-like performance 
from release to landing would have been about eight minutes! 

A noticeable difference will be observed in the tail configu- 
ration of the D-558-III, as here shown, and that of the X-15 
briefly noted on p. 66 of the January 17 issue. Actually, we 
understand that the tail-end of the Douglas space project 
changed considerably during the course of the study, doubtless 
in the light of later N.A.C.A. research at hypersonic speeds. 
One gathers, in fact, that it finally came to resemble the alleged 
cruciform layout of the X-15. Thus Van Every recommends 
in his paper that the horizontal tail should be located in line 
with the wind chord, while ventral finning of the vertical tail 
should match its dorsal counterpart. These stability and control 
problems at high Mach No. are fully treated in the paper and 
we propose dealing with them at more length. It is a matter 
of some moment, however, if hypersonic aircraft designers must 
now jettison the ventral surface on the landing approach or 
else “ concertina” it along the keel somehow. Whichever way 
you attempt tovplay this high-strung instrument, it looks a trifle 
tricky.—S.H.E. 


Jet Provosts for Ceylon 


URING a recent visit to the Royal Ceylon Air Force at 

Katunayake, we learned that this young Service will be the 
first overseas operators of the Hunting Jet Provost trainer. Six 
of these T.Mk.3 aircraft have been ordered by the R.Cy.A.F. 
and the delivery is expected later this year. They will be used 
for jet conversion and internal security patrols, for which their 
light armament will be extremely useful. 

The R.Cy.A.F., which is modelled on Royal Air Force lines 
and headed by seconded R.A.F. officers, already operates a 
number of British aircraft, including Chipmunks, Balliols. 
Doves, Pioneers and Dragonfly helicopters. We hope to 
describe the activities of the force in greater detail in an early 
issue of THE AEROPLANE. 


ON THE TEST BED.—A Rolls-Royce Tyne turboprop under- 
going hangar test at Derby. Further details of the Tyne are 
given elsewhere in this issue which deals specially with power- 
plant matters. In the appropriate section, starting on page 236, 
will be found a number of articles dealing with various aspects 
of powerplant technology and a tabulated survey of the 
World's aero-engines. 
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Photograph copyright ** The Aeroplane ”’ 


This exclusive photograph shows 16 Sabres of the Pakistan Air Force inverted at the top of a loop. To get this picture John Fricker 

and photographer George Moore worked out some tricky formation flying with the Pakistani pilots. The top of the loop was about 

12,000 ft. above Mauripur and our photographer in a T-33 flown by Wg. Cdr. Hussein came in at around 14,000 ft., banking steeply 
at the critical moment. 


Life on the Planets 


LECTURE was given recently to the British Interplanetary 

Society on ‘ The conditions necessary for the development 
of life on a planet,” by Dr. J. W. S. Pringle, F.R.S. It pro- 
duced an overflow audience and the liveliest discussion the 
society has heard for a long time, no doubt because the possi- 
bility of landing on other worlds has been brought so much 
nearer by the first steps in the conquest of space. 

Dr. Pringle, a Fellow of Peterhouse, Cambridge, is an unusu- 
ally versatile biologist, for during the War he worked at the 
Telecommunications Research Establishment at Malvern; he is 
also president of Cambridge University Gliding Club, and is at 
present investigating the flight muscles of insects. But the 
versatile brain of the human species is something that needed 
very special conditions at every stage for its development, in his 
opinion, and in view of this he “ could not see how anyone can 
seriously hope to find intelligent life anywhere else than on 
the earth.” 

Life, Dr. Pringle said, is without doubt a special form of 
chemical system, which has evolved from forms of organization 
of matter which we would not recognize as life. It could only 
have started in a reducing atmosphere, not an oxidizing one, 
and conditions for the right balance between the atmosphere 
and volcanic gases arising from the earth’s core would have to 
be extremely stringent. An organic “ soup” of macromolecules 
has been postulated, from which the first living macromolecules 
could help themselves to what they wanted; but, the lecturer 
said, you still need a living molecule to start with. 

Moreover, there is strong reason to think that all life started 
from a single macromolecule. Many organic molecules can 


exist in two forms, one being the mirror image of the other; 
they are, so to speak, as likely to take the right-handed as the 
left-handed form; yet only one of these two forms is found in 
all living organisms. There is also a basic similarity between 
all forms of life, as one would expect if it had a single origin. 


M.o.S. and the Turbojet Negotiations 


N the House of Commons on February 17 Mr. Aubrey Jones, 
Minister of Supply, gave some information about the events 
and negotiations which led to the decision to permit B.E.A. to 
go ahead with the arrangements with de Havilland for their 
turbojet transport. 

He said that the first proposals put forward by de Havilland 
presupposed assistance from the Government. Further pro- 
posals, made on December 19, promised a private venture 
arrangement by dispersal of the risk amongst the sub-contrac- 
tors; this was subject to reservations concerning the volume of 
the work being financed by the M.o.S. The latest proposals, 
made on January 23, were for a group arrangement—which 
was Satisfactory subject to the need for the contract to be 
examined very carefully in order to ensure, so far as was 
possible, that the Ministry would be financially protected. 

Mr. Aubrey Jones stressed the need for an “ ideal” unit to 
be part of a diversified industrial structure commanding readier 
access to private capital and with strong financial, technical and 
production resources. The proposal of December 19 made 
little contribution to this ideal, but the latest proposal was 
a welcome step forward. The Ministry was anxious to ensure 
that the arrangements made would be best calculated to align 
the home demand with the potential foreign demand. 
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NEWS OF AIRCRAFT, ENGINES AND MISSILES 


VIXEN FLIGHT.—Four D.H. Sea Vixens from the company’s Christchurch factory 
piloted by Mr. J. Elliot, chief test pilot, Christchurch, Lieut. Cdr. P. Barlow, R.N., 


Mr. A. C. Capper and Mr. R. E. Clear. 


The Earl of Selkirk, First Lord of the 


Admiralty, visited the factory last Friday and flew in a Sea Vixen piloted 


by Mr. Capper. 


TWIN PIONEERS FOR MALAYA.— 
The new Malayan Air Force, which is 
commanded by Air Cdre. A. V. , 
Johnstone, R.A.F., with headquarters at 
Kuala Lumpur, has ordered some Twin 
Pioneers from Scottish Aviation, Ltd., to 
equip a composite squadron. This will 
operate in support of Malayan army and 


naval forces, and continue the work 
already undertaken by the R.A.F. in 
Malaya. 


D.H. EXPORT.—The Banco Nacional 
de Mexico has taken delivery of its 
second British aircraft, a D.H. Heron. 
For the past four years it has operated a 
Dove. 


NEW DORNIER?—It is understood 
that a Dornier twin-engined transport is 
being developed. This may well be an 
STOL design following the aerodynamic 
design of the Do 27 as the Twin Pioneer 
followed the Prestwick Pioneer. 


SECOND ELECTRA. First flight of 
the second Lockheed Electra was made at 
Burbank on February 13. The original 
target first flight date was March 31. The 
third Electra is scheduled to fly on 


Wing tanks will be noticed on one aircraft. 


April 17 and is expected to be about a 
month early; it will be the first fully- 
furnished specimen. 


TRIPLE TIE-UP.—Junkers have now 
been brought into the Heinkel-Messer- 
schmitt link-up. Since the War Junkers 
have done only research and development 
at Bad Godesburg and are not now a large 
concern. Heinkel and Messerschmitt, 
jointly as Flugzeug Union Sud, have been 
making Air-Fouga Magisters and recently 
announced the merging of design teams 
for future projects. 


VAUTOUR PRODUCTION.—At the 
end of January, 53 Sud-Aviation SO.4050 
Vautours had been delivered—24 type A 
(ground attack), 27 type N (all-weather 
fighter) and 2 type B (bomber). The 
order for 160 consists of 30 type A, 70 
type N and 60 type B. The fighter 
squadron of Nuit de Tours and the 
Cognac bombing training centre are the 
first to be equipped with Vautours. 


HUSTLER STING.—Mounted in the 
fuselage tail-cone of the Convair B-58 
Hustler is a six-barrel cannon with a rate 
of fire of 7,000 rounds per minute. 


NEW IRBM.—An air-launched IRBM 
is being developed for the U.S.A.F. as a 
successor to the North American 
WS-132 Hound Dog air-to-surface missile. 
It will follow the current trend in having 
solid propellent. A recent firing of the 
Bell Rascal air-to-surface weapon from a 
Boeing B-47 Stratojet scored a hit within 
the target area from 75 miles away. 


NEW CARIBOU.—Final configuration 
of the D.H.C. Caribou is shown in this 


impression. The single fin and rudder 

has been adopted in place of the original 

twin unit, and the windows are now 
elliptical. 


MORE T-33s.—The Lockheed Aircraft 
Corpn. has received an order valued at 
$11,400,000 from the U.S.A.F. for T-33 
jet trainers. This is the 15th received for the 
T-33, bringing the total ordered to 5,600. 
It will extend production into late 1959. 


NEW BROUSSARD. — The first flight 
of the Max Holste M.H.1522 was made 
on February 11, when it was piloted by 
André Jouannet, at St. Leonard, Reims. 
The M.H.1522 has been developed from 
the M.H.1521 Broussard and is fitted with 
special high-lift devices. 


385 ORDER.—A first order for the 
G.E. J85 turbojet has been placed by the 
U.S.A.F. for the Northrop T-38 trainer, 
which was designed to take either this 
or the Fairchild J83 engine. The J85 has 
about 2,500-lb. thrust. 


TRIDENT RECORD.—Examination 
of the instruments carried by a Sud- 
Aviation Trident II during a flight on 
January 17 (THE AEROPLANE, January 24) 
shows that a height of exactly 22,800 m. 
(74,803 ft.) was reached and the maximum 
Mach number attained was 1.95. 


POWERPLANT DEVELOPMENT.— 
The Lockheed Constellation “ Old 1961 ” 
which was last year fitted with an Allison 
501-D13 Electra-type powerplant is now 
being fitted with the 501-D13A version 
of this engine, which has a Hamilton 
Standard propeller. This powerplant- 
propeller combination has been specified 
by K.L.M. for their 12 Electras. 


VTO.—Sequence shots (left) show the 
launching of a Convair Atlas ICBM at 
Cape Canaveral on January 10. The 
Atlas is in pilot production at the San 
Diego plant of Convair-Astronautics. 
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COMMERCIAL AVIATION AFFAIRS 


GHANA CHARTER.—A series of 
harter flights, under contract to the 
Ghana Chamber of Mines, between 
Blackbushe and Takoradi, Ghana, were 
started by Airwork last Monday, Febru- 
iry 17. Using Hermes and flying once a 
nonth via Tripoli (night stop) and Kano, 
the operation is for the conveyance of 
nining employees and their families 
setween Ghana and the U.K 


SWISSAIR USE DECTRA.—A 
Douglas DC-7C of Swissair is using 
Dectra on an experimental basis on its 
Atlantic flights. Similar trials are being 
made by B.O.A.C., following the success 
of the first phase of testing with a 
Ministry of Supply Valiant. 


SHOPPING FOR SPARES.—Repre- 
sentatives of nine airlines which have 
ordered Boeing 707s and Douglas DC-8s 
attended a recent two-week engine-pro- 
visioning conference organized by Pratt 
& Whitney. Its purpose was to provide 
airlines with the necessary information for 
efficient and economical ordering of spare 
parts for JT-3 and JT-4 turbojets. 


MALAYAN CONTRACTION.—When 
Malayan Airways takes over operation of 
the Federation Air Service, on March 1, 
all scheduled services to the west coast 
will be cancelled and services on the east 
coast will be limited to Kuala Lumpur, 
Temerioh, Kuantan, Kemaman, Dungun 
and Kuala Trengganu. Members of the 
newly constituted board of Malayan Air- 
ways are as follow: Inche Ahmad bin 
Perang, chairman of the Malayan Rural 
and Industrial Development Authority; 
Mr. P. R. Lewis, permanent secretary to 
the Singapore Ministry of Communica- 
tions and Works; Mr. A. N. Goode, 


financial secretary of North Borneo; Lord 
Rennell of Rodd, a director of B.O.A.C.; 
Mr. W. C. Taylor, vice-chairman, and 
Mr. G. O. Turner, managing director, of 
Qantas; Mr. F. L. Lane, representing 
Straits Steamship Co., and Mr. J. A. Vick, 
managing director of Malayan Airways. 


AT.AC. APPROVAL.—Among 
applications for new air services recently 
approved by the A.T.A.C. and _ the 
Minister are the following: an inclusive 
tour service between Blackbushe and Las 
Palmas, with outbound night stop at 
Lisbon, by Eagle Aviation, Ltd., until 
April 30, 1958; and a helicopter service 
and/or internal service between London 
Airport, Gatwick and Southend by B.E.A. 
until December, 1964. 


INDIAN COMBINATION. — Three 
private companies—Indamer of Bombay, 
and Jamair and Darbhanga Aviation of 
Calcutta—have now officially combined 
to form Kalinga Airways (Private), Ltd. 
The three companies own, between them, 
15 DC-3s. Indamer is believed to hold 
49% of the stock of Ariana Afghan Air- 
lines and a few months ago Kalinga was 
reported to be the company which would 
operate within Nepal. 


KIDLINGTON CALL.—Derby Avia- 
tion services from Nottingham and Derby 
to Jersey, will call at Kidlington, Oxford, 
when they are resumed for the summer 
season in May. They will be operated by 
Marathons and DC-3s. 


DC-4s FOR TREK.—In March Trek 
Airways will put DC-4s on tke South 
Africa-Europe services, replacing the 
Vikings previously used. Night stops will 
still be made on the journey. The DC-4s 


have been purchased from Northwest 
Airlines who have continued to use the 
aircraft until their delivery in February. 
The price paid for the aircraft was about 
$750,000 (£268,000). 


COLOMBO CRISIS.—Despite efforts to 
repair the runway at Ratmalana Airport, 
Ceylon, the condition has deteriorated still 
further, and the airport will be closed on 
March 1 so that more extensive works 
can be put in hand. Katunayake will be 
used by all services into Colombo until 
Ratmalana Airport is re-opened later this 
year. 


HURN CRITICIZED.—The chorus of 
complzints about the lack of facilities 
for the convenience of passengers at 
Bournemouth Airport, Hurn, has been 
joined by the local airline operators, 
Independent Air Travel, whose managing 
director, Capt. Kozubski, puts his com- 
plaints under four deficiency headings— 
car parking, perimeter track, toilet facili- 
ties and aircraft parking. 


CLOSE-DOWN IN NORWAY. — 
According to reports from Norway, 
Vestlandske Luftfartselskap A/S (West 
Norway Airlines), of Bergen, has gone 
into liquidation. It is expected that the 
company’s ambulance service will be 
continued. 


FAIRCHILD F-27s. — Bonanza Air 
Lines have doubled their order for Fair- 
child F-27 Friendships, from three to six, 
and have optioned six more. The total 
of firm orders and short-term options 
now held by Fairchild is 92. Roll-out of 
the first F-27 is now scheduled for the 
end of this month, with first flight in 
March. 


NEW TEST PILOT. 
—Mr. D. J. White- 
head, 33, has been 
appointed a_ test 
pilot with Blackburn 
and General Aircraft 
Ltd. He has flown 
more than 3,000 hr. 
in 58 different types 
of aircraft. 


English Electric Scholarship.— 

new university scholarship 
scheme has been founded by the 
English Electric Co., Ltd., under 
which up to 20 scholarships, each 
worth £450 a year for three years 
at a university in the United King- 
dom, will be awarded annually. 
Training will be divided into three 
parts: a period of residence at a 
university; industrial training with 
one of the companies of the English 
Electric Group (including Marconi, 
D. Napier and Son, Ltd., and the 
Vulcan Foundry, Ltd.), and a 
salaried staff appointment. Indus- 
trial training will follow the pattern 
on the established graduate 
apprenticeship schemes and_ the 
salary will be £600 a year. 


NEWS ABOUT PEOPLE 


BLERIOT LECTURE. — Professor 
W. J. Duncan, C.B.E., D.Sc., F.R.S., 
F.R.Ae.S., M.I.Mech.E., will give the 
Louis Blériot Lecture at the Aéro-Club 
de France, 6 Rue Galilée, Paris, 16e, at 
17.00 hrs. (local time) on March 5. His 
subject will be “The Future of Aero- 
nautical Research.” The lecture is 
arranged by l’Association Frangaise des 
Ingenieurs et Techniciens de _ 1|’Aéro- 
nautique (AFITA) and the R.Ae.S., and 
will be followed by a banquet at the 
Aéro-Club de France. 


AVRO IN EUROPE.—Mr. J. A. 
Morley, vice-president, sales and service, 
of Avro Aircraft, Ltd., of Toronto, has 
been appointed president of the recently 
formed European subsidiary, Avro Air- 


MISSILE INSPECTION.—The 
Under-Secretary of State for 
Air, Mr. C. |. Orr-Ewing, 
recently visited the English 
Electric Co.’s Guided 
Weapons Division. With him 
(centre) are left to right, Gp. 
Capt. E. V. Stokes, A.V.M. 
Sir Conrad Collier (Chief 
Executive, Guided Weapons 
Division), Mr. E. L. Beverley 
(Commercial Manager), and 
Air Cdre. H. B. Wrigley, 
C.B.E. 


NEW DIRECTOR.—Mr. 
J. H. Mayes, general sales 
manager of the Northern 
Aluminium Co., Ltd., has 
been appointed to the 
board. He joined the 
company in 1934. 


craft Services, Ltd., of Brussels. Mr. 
J. L. Plant is a director. The main func- 
tion of the new concern will be liaison 
with the Belgian Air Force, which 
operates CF-100s. 
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AIR TRANSPORT 


Atlantic Trends 


IGURES recently published in the United States for the 
1957 Atlantic passenger traffic continue to show the expected 
trends. These figures are summarized below. 

It will be seen that tourist traffic has again been increasing 
at the expense, to some small extent, of first-class traffic. Of 
the total number of passengers, 76%, travelled tourist, whereas 
the figure for 1956 was 73%. The total number of scheduled 
passengers, at 968,151, shows an increase of about 23% on the 
total of 785,259 for 1956 and charter-flight passengers showed 
an increase from 49,531 to 53,823. bringing the overall Atlantic 
air-passenger total to a figure well in excess of a million. 


: Load 
Available 
Passengers Seats Factor 
(%) 

Eastbound: 1s Class Pe ; 110,372 186,872 59 
Tourist . de pha 316,394 533,155 59 
Total... i ‘os 426,766 720,027 59 
Best month (june) .. a -_ 68,904 80,860 85 
Worst month (February) . % 17,510 36,056 49 
Westbound: 1st Class me 118,227 188,277 63 
Tourist .. ; ' 423,158 541,740 78 
Total... : iis 541,385 730,017 74 
Best month (August). . ; +s 76,954 85,643 90 
Worst month (February) om dis 25,041 37,283 67 
Total scheduled .. be ee 968,151 1,450,044 67 
Charters . ‘ $s a nO 53,823 - _ 


An examination of the results month by month shows that 
1957 started rather badly and this can be seen in the simplified 
table in the figures for the worst and best months, with the load 
factor dropping to 49°. for east-bound flights and rising to 90% 
for west-bound flights. The effect of immigrant (and, possibly, 
of westwards-by-air, homeward-by-sea business) traffic is to 
show an increase over 1956 of 27%, in westbound traffic, against 
one of only about 18%, in eastbound traffic. 

The average tourist load factor for 1957, at 69°, against 
64.2", for 1956, shows that still more capacity will need 
to be offered for this class of traffic—and very much more for 
the combined total of tourist and the new “ economy-class ” 
traffic during 1958. The first-class load factor fell, between 
1956 and 1957, from 63.5%, to 61°. 


Viscount Variety 


APITAL AIRLINES have now standardized on the Viscount 
745, with Dart 510 engines. The first three Viscounts 
delivered to Capital were 744s with Dart 506s; one of these 
was reduced to produce, after a landing accident at Chicago, 
and the other two have now been sold back to Vickers. Two 
new 745s have been delivered to Capital this month, maintain- 
ing their fleet total at 59. The two 744s have been re-registered 
in Britain G-APKJ and G-APKK; one arrived back at Hurn 
last week and the other is being used temporarily for familiar- 


ization and training by Continental Airlines in the U.S.A. 

It has now been decided that the first Viscount 806, G-AOYF, 
which suffered serious damage in a landing accident at 
Johannesburg last year, will not form part of the B.E.A. order 
for 18 of this type as was at first intended. A new machine 
will be laid down for B.E.A., and G-AOYF, which arrived 
back by sea last week, will revert to Vickers ownership. Mean- 
while, G-AOYG, the second 806, has been fitted with Dart 525 
engines and is continuing the tropical trials which were inter- 
rupted by the accident to G-AOYF. 

Including the Transair order for a third Viscount 804, 
announcéd last week, the total of Viscount sales now stands 
at 376. This total, it should be explained, excludes the two 
744s, which at the time of writing have not been sold, the 
15 Type 745s which were built at Hurn last year for Capital 
but were never delivered, and the Vickers or Ministry-owned 
prototypes, comprising the 630 (G-ALWE), the 663 (VX217), 
the 700 (G-AMAYV), the 806 (G-AOYF) and the 810 (G-AOYV). 


Tu-114 Figures 


PECIFICATIONS of the Tupolev Tu-114 in considerable 

detail have now appeared in Russia and show that this is 

the World’s largest turbine transport built so far—in physical 

size, gross weight and capacity. Some illustrations of the 

Tu-114 interior appear on the next page, including one layout 
for 220 passengers in eight-abreast seating. 

The Tu-114 is powered by four Kuznetsov NK-012.M or 
022.K turboprop engines which develop 12,000 s.h.p. and 
1,200 kg. (2,640 Ib.) thrust each. The diameter of the eight- 
blade contra-props is 5.60 m. (18.37 ft.). 

Dimensions of the Tu-114 are as follows: Span, 54.00 m. 
(177.17 ft.); length, 47.20 m. (154.9 ft.); overall height, 11.8 m. 
(38.7 ft.); wing area, 280.0 m.2 (3,014 sq. ft.); aspect ratio, 10.4; 
pressurized cabin, 47 m. by 3.7 m. (154.16 ft. by 12.3 ft.) diameter. 

Empty weight is given as 85,400 kg. (188,275 lb.), fuel, 80,000 kg. 
(176,370 lb.) and oil, 3,000 kg. (6,600 Ib.). An allowance of 
1,350 kg. (2,970 Ib.) is made for the crew of 15, leaving 18,000 kg. 
(39,680 Ib.) for payload in the max. take-off weight of 187,750 kg. 
(413,900 Ib.). This payload can be considerably increased when 
less fuel is carried. The max. landing weight is 125,000 kg. 
(275,580 Ib.). The wing loading is 670 kg.) = (137,35 Ib./sq. ft.) 
aa power loading is 3.6 kg./h.p. (7.92 Ib./h. 

The best speed given for the Tu-114 is 310° km. p-h. (565 m.p.h.) 
at 9,000 m, (29,520 ft.), and the cruising speed at 10,000 m. 
(32.800 ft.) is 855 km.p.h. (531 m.p.h.). Other speeds are take-off 
(fully loaded), 272 km.p.h. (169 m.p.h.) and landing, 205 km.p.h. 
(127 m.p.h,). Time to reach 10,000 m. (32,800 ft.) is 36.5 minutes, 
and the practical ceiling is 10,400 m. (34,120 ft.). Ranges are given 
as: Normal, 10,000 km. (6,210 st. miles) and max. 14,500 km. 
(9,000 st. miles). The quoted take-off distance to 15 m. (49.2 ft.) 
of 2,850 m. (9,350 ft.) is presumably for the engine-out-at-critical- 
speed case. Landing distances are 2,650 m. (8,694 ft.) from 50 ft., 
or 1,800 m. (5,905 ft.) when using reverse pitch. 


Postscript to a Lecture 


HE Brancker Memorial Lecture, some of the more 

significant points from which were given in last week’s 
issue (pp. 201-202), was delivered on February 10, after that 
issue had gone to press. We were not, therefore, able to 
summarize the remarks following the lecture—which was read 
by Capt. V. A. M. Hunt, C.B.E., the M.T.C.A. Director of 
Control and Navigation, because of the illness of the lecturer, 
Air Cdre. Mann. 

Capt. Hunt was introduced by Mr. Peter Masefield, who, 
after the lecture, said that it spotlighted the key problem for 
the future; he regretted that, by tradition, there was no 
discussion. 

He remarked how well off other modes of transport were 
in that they moved along clearly defined tracks, and suggested 
that in the air such tracks could be provided by Decca. He 
mentioned collision difficulties and spoke of Mr. C. G. Grey’s 
“ radiaura “ idea, propounded so long ago. Mr. Masefield said 


FORTY-FIVE YEARS APART.—The principal interest in this 
remarkable photograph lies in the careful planning and timing 
necessary to have achieved it. The Curtiss (circa 1912), flown 
by its owner and re-builder, Mr. Peter Bowers, took off as the 
707 came into sight before its low pass, and was paced by the 
car from which the picture was taken. 
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that the biggest and most expensive unsolved problem was how 
to handle turbojet aircraft economically. 

Mr. Keith Granville, C.B.E., deputy managing director of 
B.O.A.C., moved the vote of thanks. He said that control 
arrangements affected economics as well as safety, and gave a 
figure for the estimated cost of U.S. domestic delays in take-off 
and landing caused by air-traffic control difficulties. Because 
of A.T.C. difficulties. aircraft were now crossing the Atlantic 
at altitudes which were nonsensical from an economic view- 
point. He hoped new airborne equipment would be simple. 

Mr. M. H. Curtis, managing director of Hunting-Clan Air 
Transport, seconded the vote of thanks. He asked whether the 
U.K. Government would impress on foreign countries the need 
to keep their air-traffic control system up to British standards. 
He spoke of the probability that operators would have to bear 
a proportion of the increased cost of A.T.C., and wondered 
whether these costs would slow up development and whether 
the increased cost of operating aircraft would thus reduce the 
traffic. He doubted whether the new turbojets would have 
economic advantages to compensate for these costs. 

He thought we might be trying to press ahead too fast and 
asked whether we should not have consolidated on the technical 
and commercial side, cutting costs to get the maximum traffic 
with existing aircraft. 

Capt. Hunt replied to several of the points made. He said, 
for example, that today’s A.T.C. problems could not be solved 
by individual countries alone—these countries were now 
accepting the idea that control was necessary on a regional 
basis. He said that navigational aid and A.T.C. costs must be 
divided among the users, who would have to pay a just share 
according to what the traffic would bear. 


Eland-Constellations 


AST September, D. Napier and Son were able to announce 

receipt of a letter from Panair do Brasil, signifying that 
airline’s intention of converting some or all of its Lockheed 
Constellations to have Eland turboprops. Although the contract 
has still to be signed, Napier have since that time worked out 
in detail the technical problems of such a conversion. 

Panair have 11 Constellations in their fleet. These are now 
known as L-749s although they were built as L-149s, and the 
Napier estimates compare the L-149 with piston and turboprop 
engines. With Eland N.E1.6s, the L-149 will have an operating 
speed about 50 m.p.h. higher than that of the piston-engined 
version; the block speed advantage will be about 45 m.p.h. 
over a 300-mile stage length, and as much as 60 m.p.h. over 
a 2,000-mile stage. The range with maximum payload would 
be reduced, in the Eland version, by about 750 miles. 

Operating costs, for a stage length of 3,000 miles, have been 
estimated to be 112 cents a mile for the piston-engined version 
and 99 cents with Elands. Over 800 miles, the respective costs 
are 99.5 cents and 89.4 cents, and over 2,000 miles, 94.8 and 
84.5 cents. 

If Panair do Brasil proceed with this scheme as planned, 
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it seems likely that the aircraft will be flown up to the PacAero 
Engineering Corporation base at Santa Monica, California, 
where the Eland-Convair conversions for REAL are being 
handled. The Eland-Convair 340 is now at Santa Monica for 
the C.A.A. certification trials, and a Convair 440 has been 
purchased and will be converted by PacAero before the first 
REAL 340 arrives in October. REAL will have three of their 
340s converted initially, with the promise of a more extensive 
scheme to follow. 

Although PacAero will do all the work of conversion, the 
complete N.EI.6 powerplants, with cowlings, fire walls and 
all necessary fittings and connections, will be supplied from 
England. The greater part of the conversion kit other than 
the engine itself will be made by Heston Aircraft, Ltd., and 
the powerplants will be made up by Napier’s Flight Develop- 
ment Establishment at Luton. 


An Auto-pilot Question 


HE possibility that a fault in the auto-pilot caused the 

accident to the Britannia 301 G-ANCA is being investi- 
gated. This was stated by Mr. W. H. Tench, senior M.T.C.A. 
inspector of accidents, during the inquest on the fifteen 
occupants killed in the accident, which occurred when the 
Britannia was coming in to land at Filton on November 6. 
The coroner asked Mr. Tench whether there was any possibility 
of the automatic pilot being in any way responsible; he replied 
that it might have been, “ but it is a small possibility at the 
moment.” 

An attempt is being made at the R.A.E. to reconstruct the 
Britannia, in the hope of being able to determine the sequence 
of failure. This work will take a “very long time.” Mr. 
Tench was able to say, however, that the undercarriage—at one 
time seriously suspected—and the propellers have been 
exonerated, and that there is no evidence of an explosion in the 
air or sabotage, or of negligence or omission on the part of 
anyone. Investigators had obtained evidence that threw “ some 
light” on the accident, but none of it was conclusive. 

The main purpose of the flight on which G-ANCA crashed 
was to test strain-gauging of the propellers; checks were also 
being made on elevator de-icing, propeller feathering and free- 
fall undercarriage loading. The aircraft had flown a total of 
721 hours. 

The possibility of an auto-pilot malfunctioning was raised 
last month by an incident with a Britannia-312 on a production 
test flight from Filton. A snag in the auto-pilot locked the 
ailerons, putting the Britannia into a bank which could be 
corrected only when the electric circuit including: the auto- 
pilot had been switched off. 

As a result of this incident we understand that a modifica- 
tion has been introduced on the Smiths S.E.P.2 auto-pilot in 
the Britannia and Viscount 802, which makes it impossible for 
the aileron servos to remain energized when the auto-pilot is 
switched out. B.E.A. have confirmed that the modification has 
been made; no comment was forthcoming from Smiths Aircraft 
Instruments, makers of the S.E.P.2. 


farther forward. 
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From a Russian aviation magazine, these illustrations are the first to show the interior 
layout of the Tupolev Tu-114. The two upper views show the maximum accommod- 
ation for 220 passengers, in a mixture of six-, seven- and eight-abreast seating. Atthe 
bottom is a layout for 120 passengers in three different types of cabin. Part of the 
galley appears to be in the bottom portion of the fuselage, and there is a 'uggage hold 
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Functional Testing for the Comet 4 


A YEAR or so ago all the various aspects of functional 
testing for new de Havilland aeroplanes were brought 
together under a functional test department. This department 
is now engaged extensively on work connected with the Comet 
4, in the development of which it consequently has a vital 
part te play. Primarily, the work of the department is to 
make such tests as the design office may require and to issue 
reports on the test re:ults—nearly 100 separate test reports 
were completed last year. A significant part of the work on 
the Comet is important, however, not just in relation to proving 
design, but in helping to obtain the C. of A. 

Especially is this true of the flying control circuit and 
hydraulic test rig, which is a complete, full-scale, representative 
layout of the entire Comet 4 system. Test results from this 
rig—which is described in more detail later in this artiele— 
will be among the documents submitted to the A.R.B. for 
certification of the Comet 4. Although the Board does not 
lay down a specific programme of rig testing as part of the 
C. of A. procedure, it is certainly disposed to take note of 
these test results. 

The work of the functional test department is divided into 
five parts, to look after hydraulics and control systems; electrics; 
air conditioning and pneumatics; fuel systems; and acoustics. 
While the rig tests are perhaps the most spectacular—there is 
a full-scale electrical-system rig for the Comet 4 as well as the 
flying control and hydraulic rig—much of the department’s 
most important work is of a more routine nature. This 
includes, for instance, bench tests on vendor equipment to 
check performance and operation under the full range of 
operating conditions; fatigue or endurance tests on selected 
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items and functioning tests on various new design features. 

To make these tests the department has the use of an 
extensive range of specialized equipment, including the 
company’s high-altitude chamber. With an inside diameter of 
12 ft., and 26 ft. in length, this cell is extensively used to 
test cabin pressurization-system equipment (the Comet 4 is 
pressurized to a differential of 8.75 p.s.i.). Altitudes of up to 
65,000 ft. can be simulated, with the temperature down 
to —65°.C., and higher altitudes can be represented with 
higher temperatures. 

Another smaller altitude chamber is used in connection with 
fuel-system tests; this also goes up to 80,000 ft., but has no 
provision for low-temperature operation. For icing tests on 
various components the department has the use of a small 
closed-circuit wind-tunnel which can produce air at temperatures 
down to about —25° C. 

All electrical components which are located in a _ bay 
through which a hydraulic pipe passes, undergo tests in an 
explosion chamber to prove their safety in the event of a 
hydraulic leak. For the purpose of the test the component 
is primed with an explosive gas mixture and placed in the 
chamber, which is also filled with an explosive mixture of 
hexane and air. The component is then sparked and is 
required to contain the ensuing explosion without transmitting 
it to the gas in the chamber. Each component is tested a 
minimum of 12 times, and perhaps up to 100, depending on 
the particular type of equipment and installation. The gas in 
the chamber is exploded at intervals to check that the mixture 
really is explosive, and is then re-charged. 

With very few exceptions the tests made by the department 


Three views, left and below, of the flying 
control circuit and hydraulic test rig for the 
Comet 4. The view left is looking aft from 
a mid-way point and shows the aileron out- 
put system, elevator and rudder Servodynes 
and other details. Below, the spring struts 
ard pneumatic ram for elevator and rudder 
loading are shown. Below right, is a close- 
up of the aileron Servodyne assemblies, with 
the forward half of the rig visible beyond. 
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are concerned with the actual equipment to be used on the 
Comet or full-scale reproductions. One of the interesting 
exceptions is a one-sixth scale Comet 4 semi-span wing, 
made to fine tolerances from Perspex and Dural to study the 
flow of fuel into the integral tanks from the filler caps. Fuel 
is fed into the tanks at appropriate scale rates, and the model 
is mounted on trunnions so that the behaviour of fuel in the 
wing can be checked at various angles of attack. The model 
is also useful in confirming calculated tank volumes and fuel 
levels and to select and prove the optimum position for fuel 
vents and vent pipes. 
Rig Testing 

As already explained, the flying control circuit and hydraulic 
test rig is a life-size representation of the whole Comet 4 
hydraulic system, with the complete flying control circuit and 
a “cockpit” from which the system can be operated. The 
only deviation from full size is that the control runs to the 
ailerons are doubled back round pulleys, and the aileron hinges 
are located inside the “fuselage”—to save space on the 
workshop floor. The hydraulic and control system, although 
based on that used in the Comet 1 and 2, is almost wholly 
new and, in addition to the fully duplicated power controls, 
now includes complete duplication of the cable input circuit 
and the gear-change unit and push-pull tubes for the elevator 
output circuit. 

The rig serves several purposes. In the first place it has 
been used to eliminate design snags of a kind which might 
not be seen from the drawings alone. Its significance in 
relation to C. of A. tests has already been mentioned. The 
rig has played its part in testing the geometry of the three 
control circuits—elevator, aileron and rudder—and is useful 
for fault analysis—i.e., to explore just what might happen if a 
bolt comes adrift or a cable comes unfastened. Low tempera- 
ture tests have been made on the rig on specific components, 
by packing solid CO, round such things as the q-pots, servo 
tail shafts for elevator and rudder control and the duplicated 
gear-change mechanism. Although the temperature of the 
whole rig cannot be reduced, tests can be simulated on 
specific systems by slackening cables and other appropriate 
means. 

The final purpose of the rig is to make endurance tests on 
the whole system, and this phase of the work is now under way, 
most of the other tests having been completed. Many months 
of endurance testing will be involved, in which various test 
cycles will be employed. Each flight will be simulated by 
operation of the system automatically through the auto-pilot 
connections to elevator and aileron control circuits, and the 
yaw-damper signals to the rudder, with manual operation 


The explosion chamber, in which electrical equipment is proved 
to be explosion proof. The observation windows and control 
panel can be seen. 


of the controls from time to time to introduce the larger 
control surface movements which occur during landing and 
take-off. 

The hydraulic system in the Comet 4 operates the flying- 
control servo units, the undercarriage, wheel brakes, nosewheel 
steering, flaps and air brakes. Power is provided by four 
engine-driven pumps and two electric pumps, and the whole 
2,500 p.s.i. system is divided into four separate circuits 
identified by colour codes, plus a hand-pump circuit. 

Two of the engine-driven pumps serve the “ blue” circuit, 
which operates the primary flying-control servo units; the 
other two engine pumps supply the “ green” circuit, which 
is concerned with undercarriage, brakes, flaps and air brakes, 
and the secondary flying-control servo units. The electric 
pumps drive the “yellow” and “red” circuits, which are 
emergency systems for the flying control servos and the other 
hydraulic items. The reservoir in any of these circuits can 
be replenished in flight by the hand-pump. 

For the purposes of rig testing, air loads on the control 
surfaces are simulated for all speeds up to the Comet 4B’s 
design cruise figure of 320 knots I.A.S. The particular method 
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of loading the units has been chosen for convenience of 
installation and load required—rubber-in-compression for the 
ailerons, large spring struts for the elevators and a pneumatic 
ram for the rudders. Deadweights are attached to the air-brake 
jacks. Strain gauges are used on aileron control cables and 
rudder and elevator push-pull tubes, to measure the loads 
under which the rig is operating. 


Electrical System Rig 


No less important than the hydraulic test rig is that which 
has been devised to test the electrical system (excluding radio 
and radar). On the Comet 4, four engine-driven 14 kVA. 
alternator/rectifier combinations supply electric current at 
28 Volts pc. In the rig, these alternators are each driven at 
a representative speed by an ac commutator motor, and they 
supply current to the bus-bar system through compensated 
cables to give the correct resistance. 

The rig provides every electrical load which will be 
encountered in the aircraft, although much of the actual 
equipment is simulated by loading mats; all components have 
been first mounted on the rig, however, to measure the load 
accurately. 

On the operating side of the bus-bars, all cable and wire 
lengths are correct. A complete flight engineer’s panel is 
provided in the rig, plus a separate control desk on which 
extra test instruments make it possible to check the behaviour 
of the circuits under various load conditions. 

De Havillands are, we believe, the first British company to 
build test rigs of this kind for a new civil aircraft, which 
duplicate so fully and accurately the various aircraft systems. 
Much ground-rig testing was done for the Comet | and this 
has been progressively extended with the Comet 2, 3 and 4. 
Testing of this kind becomes increasingly important as the 
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This one-sixth-scale semi- 
span model of the Comet 4 
wing is used for fuel sys- 
tem work. Dyed kerosene 
in the tanks and the vent 
pipe system can be distin- 
guished in this photograph. 


systems themselves get more complex and the rig, either as a 
separate entity or as a part of a functional mock-up, has 
become a necessity. Rig tests and functional testing in general 
by the aircraft manufacturer will also help in future to avoid 
large-scale malfunctioning of vendor equipment in aircraft 
after they are in service. In this respect, the Comet 4 should 
enter service with the most extensively developed airframe and 
equipment of any turbojet or turboprop transport.—F.cG.s. 


Two views of the electrical rig. 
Above, the outside of the port 
wing panel is shown, with its 
loading mats, aircraft com- 
ponents and wiring. Left, is a 
more complete view, from the 
rear, with the port wing panel 
viewed end-on, the fuselage 
panel, and the starboard wing 
panel just visible beyond. 
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THE FIGHTING SERVICES 


Air Movement Exercise 


JOINT Army-R.A.F. air-mobility exercise for advance 
elements of the 24th Infantry Brigade (Brig. R. G. F. 
Frisby, D.S.O., M.C.), which has its Headquarters at Barnard 
Castle, was planned to be held earlier this week. About 500 
officers and men of the Brigade from its Headquarters, the Ist 
Battalion, The King’s Own Royal Regiment, and the Ist 
Battalion, The York and Lancaster Regiment, were to take part. 
The troops with their equipment were to be moved in Trans- 
port Command Hastings and Comets from R.A.F. Lyneham. 
and Beverleys from R.A.F. Abingdon, to R.A.F. Idris, Tripoli. 
The aim of the exercise was to train units of the strategic 
reserve and Transport Command in undertaking an air move at 
short notice, and a subsequent deployment of advance elements 
of the Brigade. It was not decided to practise any particular 
plan and the joint staff work and procedures invoived in the 
execution of the transfer apply equally for an air move to any 
part of the World. 

Neither the choice of Tripoli as the destination, nor the 
staging of the exercise in Libya, had any significance. In addi- 
tion to meeting the R.A.F.’s requirements for an airfield a place 
had to be chosen which could supply facilities for the 24th 
Infantry Brigade’s deployment on arrival. Tripoli fulfilled both 
requirements, and furthermore has a military headquarters, 
which was to conduct the final stage of the exercise. The first 
troops were to leave the United Kingdom last Sunday, February 
16, and were expected to be back in this country by today, 
February 21. 

The Transport Command force was to be made up of four 
Hastings (Nos. 99, 511 and 24 Squadrons); four Beverleys (Nos. 
47 and 53 Squadrons) and one Comet (No. 216 Squadron) which 
were each to make two round-trips between the United King- 
dom and Idris during the exercise. 


Naval Fly-past 


AS PART of the Royal Navy’s salute to H. E. Celal Bayar, 
President of Turkey, on his recent return home in the 
Turkish destroyer “ Gemlik” from a visit to King Idris of 
Libya, aircraft from the carrier “ Eagle” (Capt. M. Le Fanu, 
D.S.C., R.N.) followed the 21-gun salute by H.M.S. “ Sheffield ” 
with a fly-past. Led by Cdr. J. O. Roberts, the formation con- 
sisted of 16 Sea Hawks, eight Sea Venoms and six Wyverns. 
After the fly-past, eight Gannets led by Lieut. Cdr. J. S. Phillips, 
escorted the “ Gemlik * and her three accompanying destroyers 
for a short distance of their voyage. 


NEW TOUR. — The two 
carriers “Ark Royal” and 
“Eagle” are now operating 
in the Mediterranean at the 
start of their new tours of 
duty. As recorded on this 
page aircraft from H.M.S. 
“Eagle” have taken part ina 
salute to the President of 
Turkey, and the air group on 
board the “Ark Royal” is 
seen preparing for a mass fly- 
past over Malta. Vice-Admiral 
A. N. C. Bingley, C.B., C.B.E., 
Flag Officer Aircraft Carriers, 
was flying his flag in H.M.S. 
« Ark Royal.” 


ee el 


Photograp’ copyright *‘ The Aeroplane" 


C.-in-C., SOLOS.—Air Marshal The Earl of Bandon, Commander- 

in-Chief of Far East Air Force, recently soloed on a Westland 

Whirlwind H.A.R.4 helicopter at Seletar, Singapore. He flies 

himself on duty visits in this rotorcraft to airfields and other 
points on the Island. 


R.A.F. Appointments 


HE following are among recent Royal Air Force 
appointments:— 

Group Captains: E. A. Harrop, O.B.E., to Headquarters, Mainten- 
ance Command, for technical staff duties; S. W. Lane, M.B.E., to 
A.A.F.C.E., for staff duties. 

Wing Commanders: A. S. Duff, O.B.E., to Headquarters, Fighter 
Command, for administrative staff duties; G. M. Gibson, M.B.E., 
to No. 16 M.U., for administrative duties; A. J. Houston, A.F.C., 
to Air Ministry, for duty in the department of the C.A.S.; D. 
McDermott to Headquarters, Technical Training Command, for 
technical staff duties; W. J. Nightingale to No. 11 M.U., to 
command. ; 

Squadron Leader A. C. Hollingsworth to No. 2 Air Navigation 
School, to instruct (with the acting rank of We. Cdr.). 


REUNION 
No. 112 (Shark) Squadron.—An all-ranks reunion dinner will be 


held on May 17, 1958. Details from Fit. Lt. R. A. Brown, R.A.F. 
Flying College, Manby, nr. Louth, Lines. 
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Liquid-Propellent Rocket Engine Testing 


In this article, Mr. W. N. Neat, B.A., A.F.R.Ae.S., chief engineer 
of the de Havilland Engine Company’s Rocket Division, discusses 
in general terms the overall problems associated with the ground 
testing of rocket engines of various types. 


T is so obvious it need hardly be stated that the type of test 

facility required to develop an engine and the techniques 
employed in doing so depend to a very large extent on the 
kind of engine being developed. As an example, the test-bed 
development of a piston engine will usually have been preceded 
by single cylinder tests, while the design of the test-bed itself 
will be influenced largely by the necessity for a brake or fan 
to absorb the engine’s shaft horse-power. 

In the case of the gas turbine, component testing of the 
compressor and combustion systems will usually be carried out 
in advance of running the complete engine. After this has 
been done a test-bed is then required which ensures reasonably 
representative air intake conditions and exhaust disposal—the 
latter generally involving some silencing arrangement in view 
of the protracted periods of running which are possible with 
such an engine. 

The fact that the operation of a ramjet depends on its forward 
speed dictates the test facility required in this instance. Pro- 
vision must be made for a large volume of air which can be 
supplied to the ramjet at a high speed. Since the ramjet is 
most likely to operate at high altitude it is also necessary that 
means are built into the test facility to simulate so far as 
possible the particular conditions of air temperature, pressure, 
and density pertaining. 

So far as the rocket engine is concerned, most of its special 
test requirements stem indirectly from its independence of the 
atmosphere for its method of operation. Since the rocket engine 
does not rely on atmospheric oxygen, this has to be supplied 
to it instead in the form of a chemical or oxidant. Oxidants 
by definition are usually very active substances; they will 
initiate or at least support a fire, and are often corrosive as 
well. Furthermore, the rocket engine uses its oxidant at a 
high rate, so that at any given time there are large amounts 
of it in the engine’s propellent system and being burnt in the 
combustion chamber. 

Again by definition, any mixture of the oxidant and the fuel 
used with it can give rise to a considerable and sudden release 
of chemical energy. When combined in stoichiometric propor- 
tions—and most rocket engines use their propellents in very 
nearly this way—the mixture has the potential of a high 
explosive. 

Thus it can be understood that any unburnt accumulation of 
propellents in the rocket engine’s combustion chamber or any 
large leakage of propellents from broken pipes or leaking seals 
can give rise to a fire or explosion. In the early stages of 


PROPELLENT TANKS INSTRUMENT PANEL 


CAMERA 


TEST CELL 


CONTROL ROOM 
(HEAVILY REINFORCED) 


In bee ed] 


ORAINING #T ——— Fr 


INDIRECT VIEWING 


(e-24 ARRANGEMENT 
LF 
Fig. 1.—The layout of a test-bed for a small aircraft-type rocket 


development such a risk is a very real one and, therefore, means 
have to be provided to protect personnel, equipment and 
surrounding buildings. Such protection generally takes the 
form of reinforced emplacements or observation rooms, 


earthen embankments, indirect viewing for the testers, together 
with the isolation so far as possible of rocket sites generally. 
To minimize the risk from spilt propellents, dilution pits and 


The test crew at work in a typical modern test-bed control 
room ; note the ciné camera on the right for recording instru- 
ment readings. 


adequate drain ways are required—together, of course, with 
effective means of quickly overcoming a fire which has already 
begun. 

Again, to minimize the risks of full-scale testing a complete 
new rocket engine, a great deal of prior rig testing of com- 
ponents will be carried out. For example, all the valves and 
pumps will first be tested, using water as a working fluid. The 
valves will be function tested, checks being made of pressure 
drops, opening pressures, freedom of movement, and so on. 
The pumps will be run either by an electric motor or slave 
steam turbine and calibrations will be made of pressure rise 
against flow and speed. Special attention will probably be 
given to cavitation limits and the possibility of mechanical or 
hydraulic instability. In the case of both the valves and pumps, 
careful consideration will be given to the elimination of leaks, 
or at least to the reduction by careful design of the hazard of 
the leaks which may occur. 

Where a gas generator is used to drive a turbine, this will 
first be run as a separate component in order to check 
its ignition characteristics, gas temperature, stability, and 
mechanical durability. Since rocket propellents must be used 
for this work, an explosive danger will be present and suitable 
protection must be provided. This, however, need not be as 
extensive as that for testing the complete engine since the 
quantities of propellents involved will be much smaller. 

It is possible that the turbine will be run first using com- 
pressed gas or boiler steam as a working medium. Its 
mechanical behaviour can thus be assessed and an approximate 
estimate of its performance determined. After this has been 
done, the turbine will then be operated from its own gas 
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CONTROL ROOM MISSILE ON TEST 


generator. A suitable brake may first be used to absorb the 
turbine’s power, or the actual propellent pumps may be used, 
since these will have already been run and calibrated separately. 
Whichever method is employed, tests will soon be carried out 
on the complete turbo-pump assembly, first pumping water and 
then pumping the actual propellents or at least safer liquids 
with otherwise the same approximate characteristics (for 
example, liquid nitrogen in place of the liquid oxygen which 
is ultimately to be used). 

Flow tests will be carried out on possible injector configura- 
tions. The pressure-drop/flow characteristic will be obtained 
and measurements will probably be made to determine droplet 
size and distribution. If an impinging jet arrangement is used, 
photographic means will most likely be employed to ensure 
the correct impingement under all conditions of operation 
including the transitory starting condition. 

Injector testing may well be followed by combustion chamber 
testing on a model scale. By this means very worthwhile 
information can be obtained on methods of chamber construc- 
tion, together with the effect of chamber shape and injector 
design on performance. The cooling problem can also be 
investigated, such work becoming much more essential if a 
propellent is being used on which little or no prior experience 
has been obtained. The results of model work, although not 
all strictly relatable to full-scale testing, are nevertheless 


extremely valuable—especially as such work can be carried out 
comparatively cheaply and quickly, using test equipment which 
is simpler than that required for later full-scale work. 
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Fig. 2.—The type of test- 
bed required for running 
a small missile engine. 


Before such full-scale work is started, attempts will be made 
to run all individual components either much longer or over 
a greater number of cycles than they will eventually be required 
to do on the engine. Full-scale testing will then begin, but 
even then it will begin in only a small way. For example, 
to start with, the combustion chamber may first run from 
pressurized tanks rather than from its own pump system, and 
may initially be water-cooled rather than with the propellent 
to be eventually employed. 

First runs of the complete rocket engine will be kept short, 
perhaps lasting only a few seconds at a time. Various com- 
ponents, especially the combustion chamber, will be carefully 
examined after each run and the engine will be partially or 
completely stripped at frequent intervals to permit internal 
inspection and dimensional checks to be made. 

The nature and duration of testing from then on will depend 
to a great extent on the sort of rocket engine being tested 
and the purpose for which it is going to be used. For a long 
life engine such as that designed for aircraft performance 
boosting or assisted take-off, every effort will be made to 
increase the operating time between overhauls. For the 
expendable missile engine efforts will be made to improve 


An overall view of the de Havilland Rocket Division’s test 

compound at Hatfield. It includes a variety of open and 

closed test-beds among which are installations capable of 
handling engines of 20,000-Ib. thrust. 
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OBSERVATION ROOM 
Fig. 3—For the large 


rocket engines an 
open test site of this on 
kind is required— P 


the unit being fired 
vertically. 


reliability and to demonstrate this by a series of runs on as 
many engines as possible. 

For the aircraft rocket engine, long runs, exceeding the 
ultimate performance requirement, will be carried out and 
tests to investigate unusual operating conditions such as very 
sudden thrust changes, or the running out of one or other 
propellent will be made. For both the aircraft and missile 
engine, tests will be performed during which false or abortive 
starts or the failure of certain components will be simulated. 

For whatever purpose the engine is intended, pressure, 
temperature, thrust and, where applicable, r.p.m. measurements, 
will be taken. For long runs, these may be measured by 
“ conventional ” means, e.g., using Bourdon-type gauges, which 
are photographed at selected intervals, the photographs or films 
taken being subsequently developed and analysed. For short 
runs and in any instance when transient conditions are important 
or when stability or vibration tests are being carried out, elec- 
tronic measuring will be used, firing records then being obtained 
on film, paper strip or tape. 

As in the case of the test programme to be followed, the 
type of test-bed used will also depend on the particular sort 
of rocket engine being developed. In the case of the com- 
paratively small aircraft rocket engine, the amount of propellent 
in the engine system at any given time is relatively small and 
any explosion which might occur will therefore be fairly 
localized. On the other hand, to permit long runs, a large 
supply of propellent is required, but this fortunately can be 
contained in tanks which can be isolated from the test cell 
by heavy reinforced brick or concrete walls. 

Fig. 1 shows, in diagram form, the sort of test-bed suitable 
for such a purpose. The engine itself is run in a fairly light 
structure, but both the adjacent propellent tanks and the 
Operating personnel are well protected. Viewing is by indirect 
means, either by a periscope or a mirror system, and a water 
pit is provided under the engine to dilute and carry away any 
propellents which may have been spilt. 

For running a small missile engine complete with its pro- 
pellent tanks a test-bed of a different design is required. In 
this case, the tanks must inevitably be mounted adjacent to the 
engine and the amount of propellent actually in the test cell 


LARGE MISSILE 
ENGINE ON TEST 


WATER 
COOLED 
DEFLECTOR 


An explosion of greater magnitude 


is therefore quite large. 
is therefore possible and Fig. 2 shows a form of test emplace- 


ment to cope with this. The missile is run in a fairly deep 
pit, concrete lined with sloping sides. A heavily reinforced 
observation room is built alongside with periscope viewing over 
the embankment surrounding the pit. The top of the pit could, 
if necessary, be covered with torpedo netting to prevent flying 
fragments damaging surrounding buildings. 

For the very big engine for a long-range missile once again 
a different sort of test emplacement is used. For obvious 
reasons such an engine is usually test-fired vertically. It is big 
enough to require an adjacent gantry structure so that it can 
be worked upon prior to a firing. In view of its size, it is very 
noisy and therefore cannot be observed from very close quarters. 

For all these reasons a test arrangement such as that shown 
in Fig. 3 is often used. Here the natural terrain has been 
utilized, the test emplacement being mounted on the side of 
a hill. The rocket engine fires on to a deflector plate which 
is water-cooled and the firing is viewed from a blockhouse 
some distance from the test emplacement. The propellent tanks 
can be situated either some distance away where they will be 
protected, or else they can be mounted on the test structure 
above the engine in order to test the missile configuration in a 
more representative way. 

After any rocket engine has undergone a satisfactory test-bed 
programme there usually follows a period of installational or 
environmental tests in the aircraft or missile as the case may be. 
These are made not only to determine engine performance 
under installed conditions but also to assess the vibration and 
heating effects of the engine on the vehicle’s structure and 
equipment. 

The dangers of rocket engine testing follow automatically 
from the characteristics of this unique form of propulsion. 
These dangers necessitate quite extensive precautions being 
taken in the early stages of testing. Nevertheless, there is no 
reason, provided that rigorous engineering standards are main- 
tained and an exhaustive test programme is intelligently carried 
out, why the rocket engine should not be sufficiently safe, 
reliable and predictable to fill a number of vital purposes in 
the propulsion of aircraft and missiles. 


The new British rocket 
engine test site at 
Spadeadam Waste in 
Cumberland provides a 
good example of the 
““open”’ type of install- 
ation with vertical test 
stands for the larger 
engines, discussed in the 
text. 
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Ramjet Development 
by P. J. Cooper, A.M.I.Mech.E., A.F.R.Ae.S., B.Sc.(Eng.), D.C.Ae.* 


N a recent lecture to the Royal Aeronautical Society,t Mr. 

R. P. Probert gave a general survey of the N.G.T.E. ramjet 
research programme. Some aspects of the development and 
manufacture of a test vehicle to carry out the programme are 
described in this article which, it is intended, should be regarded 
as complementary to the lecture. 

In order that the N.G.T.E. should be able to concentrate on 
the fundamental problems of research and to avoid diversion 
of effort into consideration of detail design or fabrication 
methods, it was natural that the experience of industry should 
be drawn upon to provide the hardware. In consequence, 
D. Napier and Son, Ltd., were invited to supply a test vehicle 
to design schemes drawn up by N.G.T.E. Work on the drawing 
board commenced early in 1950. 

The basic ideas for the layout of the test vehicle still govern 
its form today, although they were drawn up by the N.G.T.E. 
at a time when experience on this type of project was scanty. 

Inevitably, in course of development, the design of the 
structures to fulfil these ideas has undergone continuous change, 
but it is a measure of the success of the test vehicle, after some 
early difficulties had been overcome, that most of the structural 
changes have been associated with an advance in the per- 
formance of the ramjet or an improvement in the range of 
test conditions. Comparatively few changes have originated 
from manufacturing limitations or operational requirements of 
the test vehicle as such. 

The test vehicle was planned as a free flying ramjet dart 
stabilized by a cruciform rear fin arrangement. Fuel, engine 
controls and instrumentation were to be carried internally in a 
centre body which, for ease of access, was to span a diameter 
of the front half of the ramjet. From the very start, such a 
layout compelled the designer to reconcile the requirements 
of < ramjet, regarded ideally as an engine, with the need for 
the structure to carry the equipment, launching and aerodynamic 
loads resulting from the test vehicle rdle. 

Regarded, for design, in its broadest aspect, the ramjet 
engine has internally two main zones. The forward part of the 
engine is the cold zone, and functional design is aimed at 
converting a supersonic air stream at ambient pressure to a 
slow-moving, high-pressure stream suitable for fuel reception. 

The formation of an ignitable mixture and its combustion 
in the rear part of the engine occupy the second, or hot, zone. 

The internal stowage for fuel, instrumentation, and fuel 
controls must obviously be arranged in the cold part of the 


* Engineer in charge of ramjet development at Napiers, Luton. 
+ * Ramiets.” on December 12, 1957. 


Pre-flight test on the fuel 
system of the N.G.T.E./Napier 
ramjet test vehicle. Fuel 
is expelled into the collector 
tank, right foreground. 


engine. Without such a stowage, this zone would be defined 
by two principal components, the intake, at which air would 
undergo initial compression through a shock wave system, and 
the subsonic diffuser, which would continue the compression 
by means of a duct having a carefully designed increase of 
flow area along its length. In introducing a stowage capacity 
in this zone, the designer was faced by a choice of penalty; on 
the one hand, if the change of duct area with length were to 
be kept unaltered, then the penalty would be an increase in 
frontal area of the test vehicle. On the other, if the length 
of the diffuser were increased by the addition of a length of 
duct having the same area as the diffuser outlet, a central 
stowage container tapered at its ends, could be introduced. 

The main penalty incurred would then be a disturbance to 
the process of diffusion as the area of the centre body intruded 
into the duct, and the resumption of the desired characteristics 
only where the centre body tapered at its rear end. 

A decision between these choices had to take into account 
the increase in external drag which could be predicted as a 
consequence of increase in frontal area. At the lower super- 
sonic Mach numbers, only a small margin of ramjet thrust 
over vehicle drag could be obtained. But, in such conditions, 
intake shock losses would be low and a small additional loss 
in the subsonic diffuser could be tolerated without undue 
prejudice to the thrust. An increase in drag would directly 
reduce the available accelerating force. 

The importance given to ths force arose from the dependence 
of the whole pattern of ramjet powered flight on a good pull- 
away from the low Mach number reached at boost separation. 

Thus, while in principle it would have been a good thing to 
choose the installation which had no direct effect on the func- 
tioning of the ramjet, it was necessary in practice that the 
desire for an ideal engine should be subordinated to the satis- 
faction of obtaining a wide range of test conditions. 

The seiection of a flat-sided centre body spanning a diameter 
of the front fuselage, in preference to a cylindrical body sup- 
ported centrally in the diffuser, was determined largely by the 
insistence of the flight trials team on having good access to the 
internal equipment right up to the start of the final firing 
sequence. A cut-away sketch of the vehicle appeared in THE 
AEROPLANE for September 13, 1957 (page 403). 

The use of a pitot intake for Mach numbers above 2.0 during 
a substantial part of the early test programme has surprised 
some aerodynamicists who know well the fall in efficiency of 
this type of intake at Mach numbers above 1.5, but so long as 
the primary objective of the test programme was the 
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investigation of ramjet combustion, the pitot intake had enough 
advantages to merit its continued use. 

The chief characteristic in its favour was the direct depend- 
ence of maximum capacity on physicai area. For operation at 
reduced mass flow, the simple normal shock could move forward 
to allow spillage without giving rise to flow instability. Struc- 
turaliy, its simple shape was suitable for casting, and the com- 
ponents so manufactured formed a good, strong point for the 
attachment of the boost rockets and for thrust transmission. 

This was a factor in the early choice of the forward wrap- 
round configuration for the boosts. 

The standard boost rockets available were suitab!e for mount- 
ing on front and rear brackets, transmitting the thrust through 
the front attachment. A thrust pad embodied in the intake 
casting took care of the front; for the rear, a strong point in 
the vehicle was necessary. 

The difficulty of obtaining good strength from metal at high 
temperatures was sufficient reason to locate this station in the 
cold zone. Thus the boost rocket set a minimum length for 
the cold zone, but, in the event, this length gave an acceptable 
subsonic diffuser with a satisfactory centre-body capacity. 
Economy of design was achieved by making this strong point 
the main joint between the cold components and the hot. 
Forward of this point, light alloy and mild steel were the main 
structural materials, to the rear chiefly nimonic or stainless 
Steels were used. 

The tail un:t was a difficult problem in that it had to be 
mounted on the combustion chamber at its hottest part. The 
first solution was to mount the fins on a structure built up from 
a large number of perforated frames. The metal paths for 
conduct.on were kept to the minimum possible, and internal 
passages, open front and rear, allowed ambient air to flow 
under the fin root attachments. 

The fins were made of plywood bonded to light alloy. This 
resulted from an interesting attempt by the N.G.T.E. project 
team to keep down the weight. The project scheme proposed 
that the major cold components should be of similar construc- 
tion, and several vehicles were flown carrying centre bodies 
skinned with this material. Manufacturing and auality-control 
d:fficuities stood in the way of its adoption for the construction 
of the front fuselage outer shell. 

The forward wrap-round boost scheme was replaced by a rear 
mounting scheme after a number of failures associated with 
boost separation. In flight, the boost rockets were held on to 
the vehicle by forward projecting nvegs retained in sockets by the 
rocket thrust. When the rocket thrust died away to the condition 
at which the accelerating force of the ramjet was greater than 
the accelerating force of the boosts, the relative forward move- 
ment of the ramjet disengaged the pegs and released the boosts 
still with an appreciable amount of thrust. Since the boosts 


Early type of fin attach- 
ment structure used 
with the uncooled tail- 
pipe and forward boost 
arrangement. 


were constrained by the mounting to act collectively until after 
release, a considerable variation in this thrust was possible due 
to unequal burning rates. 

As the boosts fell away from the test vehicle, the play of the 
rocket effiux on the fins had two undesirable effects. 

Where the unevenness in thrust was not large, diversion of 
the test vehicle from its planned fi‘ght path was caused. 
Moderately severe boost defects were sufficient to cause com- 
piete failure of the fins. 

An additional hazard was added by the impracticability of 
making the thrust line of the forward boosts pass sufficiently 
close to the centre of gravity of the test vehicle. When early 
faith in the infallibility of the boosts had been shaken by one 
or two disturbing incidents, it was realized that serious efforts 
were necessary to minimize the effects of boost failure. 

The remedy was found in a process of cross-fertilization from 
another project. In the early days of the English Electric guided 
weapons programme, a Napier design team was working on the 
test vehicle which preceded Thunderbird. It was suggested that 
the system of boosting which had already been successfully 
tested would be applicable with comparatively little modification 
to the ramjet vehicle. This proved to be true. 

In the new scheme, the thrust of the boost rockets was trans- 
mitted amidships to a light-alloy ring machined from a 
continuous casting. The removal of the attachments from the 
front of the vehicle allowed for refinements in the intake casting 
which could now be fully machined externally. 
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Fig. 1—The effect of functional requirements on weight. 


: 
! 
‘ 
‘ 
| 
' 


Bi . - eS * ee : 
; D i 
7 in: 
as , 
“ | 
ey eee PC | 
ae | PT a 
" ae 
My. : a 

Rud. bg tie ee ie oa 

Mee ! “, “ia » * * € ae 

f Vg = ie oe ,, * o-, u ot oc 

. Pris - ek: sage: te! * a a . 7 ‘se Fi 
a € 4 ee ah be “ Nv 7 tei s 2 * A 7 
“| ——— eT O—ea - : 
it 4 i al 7 ‘ “Ys q % ~ = 
pee , ik! - Satter e \ , ‘’. 
ths ee manne pe Pe 7 LEE tins \N ‘“ » ™ + di 

Ai H Z a A eae ; 

: ' Ba) ay ee ’ v¥yy ee er e ) 
= oa a Vint yinee Y | i 
Wee Bete ae Pore ’ aut ‘sae e~- 0 a ‘ 

Ss ee ea LERER EEL TT? ane 4 
os : Cee te “sf Mtbbeaett 4 " 
Ca , | eS hie. ‘6S , a H i. F j s -_ 3 a al 

’ ae ee | Ag @ aa ° : 

P ' sige? Goel ill are a DAA I<) Ta | a “ 
se oe oe a we ; 4 az hazy | & B gee eo; te a 

E te Wee ee * Ge 1 IF. ai - . . c 

a a F =. a, Gave, = 

. * ee ‘ $44 ry .- = I 

eo aa ; if a a, 4 af 4 conta 

ey Y gee 4 ay ‘ ae 

wal i St J alae a n 

; ae a co ae eae gS ete y : €) : V 

i * on eek 3 Gh. Sate — oe o +i 4 a 3 

Bo eer sse $4 e4 * 3 

oom pe a oo ce 

oe en I ee 

ee 

_ = ; 

. a 

me. 

ae 

| is 
Was 
i: Lf 
2 ot 
Sarre 
Ma a b | 
[ 
“—— 

im 

ag 

. 

; 

3 

4 ee — 

ae ° 

‘ 

ee , e 
ae ee 
4) : ate, 

ie 

a 

=f ie oa : S : T 

pe ae TN aaa 7 ae ‘ § ey : Bathe ea, se 

eae: Sas ae a F ae = 

ere — ard ae rah Bo gas 

be ee a igohani eee fee. be : . . 

; ne iy 4 ; ad my ae a a ae 7 : 2 a 

fee a: Brice’ a ee 


FEBRUARY 21, 1958 


Powerplant Review ... . 


239 


THE AEROPLANE 


To give aerodynamic stability, large additional fins were 
carried by the boosters. It was not without regret that the 
consequences of the increase in all-up weight were accepted. 
For subsequent vehicles, launching, as previously, with only 
four boost rockets, would no longer be possible. 

The experiment with wood-to-metal bonded fins was 
discontinued in favour of a riveted construction, the strength 
»f which could be determined with greater accuracy. 

The accompanying diagram shows the change in weight at 
each significant advance in the function of the vehicle (Fig. 1). 

Only at one point was there a change which reduced the 
weight. Early tests were conducted with the exhaust nozzle 
area equal to the combustion chamber area. Tests at N.G.T.E. 
with a convergent nozzle demonstrated that its introduction 
would make possible a considerable reduction in combustion 
chamber length. At this time the forward boost scheme was 
in use, the vehicle imposed no limitations on the size of the 
rear structure, and the length was cut down. 

All subsequent developments increased the weight. The one 
major development associated with the integrity of the test 
vehicle rather than with the functioning of the ramjet was the 
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MIXTURE STRENGTH AS A PERCENTAGE OF A MAXIMUM 
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Fig. 2—Variation of mixture strength for a ramjet with pitot 
intakes and fuel supplied in proportion to (P-p) where P is the 
Rayleigh pressure and p the ambient static pressure. 


switch to rear-mounted boosts. This change set a minimum 
length for the rear fuselage, the requirements of diffusion and 
stowage prevented any shortening of the front fuselage, and the 
advantage gained on the first introduction of the nozzle was lost. 

In the design of the fuel supply and control system, Napier 
designers, both at Acton and at Luton, were given considerable 
scope. The fuel system for an unpiloted test vehicle must 
exercise two functions which would be controlled separately 
were a pilot available: first, the fuel system must control the 
mixture strength to compensate for changes in speed and height. 
secondly, it must select the programme of mixture strength 
required to execute the flight plan. The information supplied 
to the fuel control could be obtained from operating tempera- 
tures or pressures. For practical reasons, pressures were the 
easier to work with. 

It was possible to interpret the thermodynamics of the ramjet 
in physical terms by taking the temperatures as representing 
the energy input and the efficiency with which it was used and 
the pressure as the implements by which the energy was able 
to do its work. Internal pressures in the ramjet were deter- 
mined by matching the air intake with the capacity of the 
exhaust nozzle to pass the products of combustion. 

It was apparent that the response of the internal pressures 
to mixture strength would set up feed-back if such pressures 
were used to control the supply of fuel. 

In praciicat applications, where the range of operating con 
ditions might be narrow, this would not necessarily be a 
handicap, but for research, where examination of combustion 
conditions might well be pressed to the point of instability, 
a less directly sensitive pressure was preferable. 


The Rayleigh pressure offered a suitable alternative. It was 
easy to measure, since it was the pressure recorded in the free 
stream by a pitot head. The ratio of Rayleigh pressure to 
ambient static was a unique function of Mach number, and 
so the variation with ambient pressure could be used to give 
height compensation while the variation with Mach number 
could be employed to compensate for changes in speed. A 
disadvantage of using an absolute pressure was that a datum 
of zero pressure must be set in the control unit. This would 
be achieved normally by the use of an evacuated capsule, but 
the pressures and temperatures which could be reached were 
high enough to outstrip past experience on the manufacture 
of such capsules. The problem was avoided by subjecting a 
diaphragm to the pressure difference existing between pitot 
head and static head measuring tube, since, for height and 
speed compensation, this pressure difference had _ similar 
characteristics to the Rayleigh pressure. 

The basis of the application of a diaphragm to the control 
of the fuel flow lay in the dependence of the rate of flow of 
a liquid through a restricting orifice on the product:— 

(orifice area) X y (Pressure difference across the orifice). 

A regulator was used to maintain the pressure drop constant 
across a ported sleeve. In the sleeve a variable metering orifice 
was formed by the degree of port opening which a sliding 
piston would permit. 

The piston was linked to a spring which opposed the 
pressure force applied to the control diaphragm and a servo- 
mechanism, responding to diaphragm deflection, loaded the 
spring in such a way as to reduce the deflection to zero. The 
compression of the spring, and hence the opening of the 
metering orifice, was then directly proportional to the pressure 
difference applied across the diaphragm. 

The fuel-air ratio quoted as a percentage of the value at 
Mach number 2.5, is plotted on a base of Mach number in 
Fig. 2. Compensation for the change of pressure with height 
is complete but the effect of temperature appears in the 
difference between the sea level and stratosphere curves, 
showing that the sea level fuel-air ratio is, throughout, 15% 
richer than the corresponding value in the stratosphere. 

For a test flight typical of the best that the pitot intake 
would permit, the Mach number might increase from 1.6 at 
sea level to nearly 2.5 in the stratosphere. The mixture strength 
at separation would then be 30° below the maximum. This 
stands comparison with a possible operating range of mixture 
strengths down to 50%, but there is an obvious disadvantage 
in the initial limitation of thrust necessary to prevent the 
subsequent enrichment from becoming excessive. 

At Mach number 1.0, a mixture 65 weaker than the 
maximum is shown. This points to the need for a supplemen- 
tary supply of fuel to give an early light-up. 

On such evidence, it was concluded that a simple system on 
this basis would provide a useful fuel control at an inter- 
mediate stage in the N.G.T.E. programme, and would build 
up flight experience with components for a more advanced 
system to be used later. For the earliest stage, short duration 
flights would be made with constant fuel flow. This first stage 
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system could be used to prove the operation of the metering 
pressure regulator and to test a metering orifice representing 
one fixed position of the variable orifice for the next stage. 

During the intermediate stage, the servo-mechanism was first 
tested with the fuel supplied from the tanks by expulsion. The 
fuel was contained in rubber bags stowed in strong steel 
cylinders. A reservoir of high pressure nitrogen fed the 
cylinders through a reducing valve, thus expelling the fuel 
at constant pressure into the metering unit. After experience 
with the metering unit had been obtained, an advance was 
made by replacing the expulsion system with a turbopump. 
Power for the turbine was available from ram pressure, and 
original schemes suggested that air might be tapped from the 
subsonic diffuser. Before the design was completed, asymmetry 
in the subsonic diffuser occurred during flight and in the course 
of modifications to cure this it was decided to obtain a more 
satisfactory installation with small external auxiliary intakes. 

In designing the turbine for the performance required, there 
were three factors which had to be matched: the ram pressure 
ratio; the air supply available from a practical turbine intake; 
and the power output to the fuel pump. The combination of 
height and speed at which the unit was required to operate 
was such that the airflow was the dominant factor on the input 
side. As the height increased the power available from the 
turbine tended to decrease more rapidly than the demand of the 
fuel pump. The remedy was to design the turbine for the top 
end of the height range and to put in a turbine exhaust control 
which would prevent the development of surplus power. Servo- 
operation was arranged by balancing a spring-loaded piston 
against the pressure-drop across the fuel pressure regulator. 
The movement of the piston directly operated a throttle valve 
in the turbine exhaust. 

This method of limiting the regulator pressure-drop provided 
a satisfactory governor for the turbine power output, since the 
pressure absorbed by the regulator represented the excess in 
the system. 

Ramjet ignition was scheduled to take place during the boost 
period. Control of the fuel flow, in the face of rapidly changing 
control pressures and a turbopump accelerating from rest, was 
assigned to a small subsidiary metering valve which moved at 
a steady rate, pushed over by fuel fed through a calibrated jet. 
Operation had to be tested in conditions simulating the flight 
build-up as accurately as possible, and this was achieved on a 
blow-down test rig. Air was stored at 200 Ib./sq. in. in a large 
receiver and fed to the turbopump through a rotary plug valve. 


Step; in the development of 
the N.G.T.E./Napier ramjet 
test vehicle. At the top is the 
vehicle in a more recent form; 
below is an early version—the 
introduction of the rear boost 
arrangement permitted the for- 
ward end to be cleaned up, but 
increased the length of the 
afterbody. 


Control of this valve was at first exercised by an operator who 
attempted to maintain the correct pressure build-up with the aid 
of a pressure gauge and a stop-watch: later, an automatic 
control was developed. ; 

The blow-down test rig was also brought into use to carry 
out, for each test vehicle, a preflight test on the fuel system 
installed in the front fuselage. For these tests blanking caps 
were secured to the front and rear of the shell, and the whole 
front half of the ramjet was pressurized at the rate appropriate 
to the early part of flight. 

A Southern three-channel electronic recorder was used to 
give a record of fuel system operation during this test. Tech- 
nique was improved continuously until it was possible to expect 
that the ground test would forecast with acceptable accuracy 
the record to be obtained from telemetry in flight. 

A more advanced type of metering control was planned for 
the later stages of the research programme. In order to separate 
the height and speed compensating mechanisms, control of 
metering orifice area was exercised by a barometric pressure 
capsule. The pressure drop across the orifice was servo-con- 
trolled by a unit which mechanically combined the output of 
the capsule with that of an intermediate-type diaphragm. 

In this control system twin metering circuits were provided 
with the purpose of allowing primary fuel to flow undisturbed 
while secondary fuel was reduced for cruise control. Restriction 
of secondary fuel was brought about by a small unit balancing 
Rayleigh pressure against atmospheric pressure through a 
lever system. The mechanical advantage of the lever was set 
so that the unit would operate a servo-valve when the ratio 
of Rayleigh pressure to ambient static exceeded the value 
appropriate to the selected cruising Mach number. 

The fuel controls were required to maintain accuracy in very 
arduous conditions. Boost to supersonic speed in very few 
seconds imposed g loads on the control mechanisms quite 
beyond normal aircraft experience, nevertheless the units were 
required to operate with a lag of less than +} sec. 

The accuracy of metering was such that, although the units 
were capable of supplying a demand of over 2,000 g.p.h., they 
could still hold a flow of 100 g.p.h. to within +24%. 

These problems were tackled with a success that may be 
judged from the results of the flight trials programme. There 
is no record of a flight in which a defect in metering prevented 
the ramjet from behaving as it should, the evidence suggests 
that the metering unit responded correctly to the applied 
pressures every time. 
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High-energy 
Aircraft Fuels 


ONTRARY to current official thinking in this country, there 

is now every indication that America regards the abilities 
to deliver attack by aircraft and by missiles as being comple- 
mentary, rather than that the ballistic missile should wholly 
supersede the long-range bomber. The missile is not only an 
exceptionally costly item in itself, but it requires highly 
expensive and extensive bases and can be employed only against 
adequately large and important targets, the geographical 
locations of which are precisely known. The bomber is still 
necessary for targets of a transitory or less consequential nature. 
Combined with this hypothesis there is undoubtedly also a 
feeling that it is politic to double-bank on offensive weapons 
in a situation where the missile has yet to prove itself in a 
strategic réle. 

In maintaining the long range potential of the bomber in this 
broad pattern development, three major lines of technical effort 
are apparent in America. They comprise flight refuelling, high- 
energy chemical fields, and nuclear reactor powerplant systems. 
The emphasis is thus on fuel—aerodynamic advances play no 
large part and, in fact, by enabling higher, supersonic, speeds 
to be attained they are to a large degree responsible for the 
need for a higher energy content in the fuel. 

That is to say, in combining long range and a high supersonic 
cruising speed in the one aircraft a considerable increase in the 
heat energy extracted from each Ib. of fuel is entailed. The 
object in perfecting high-energy fuels is to extend the use of 
chemical fuels and their near-conventional engines to meet this 
performance requirement. To achieve this the fuels are being 
stretched to their utmost limit—the next step, that of employing 
a nuclear fuel in a reactor, constitutes a big jump ahead and 
the necessary aircraft performance can (theoretically) be easily 
attained. To this extent high-energy fuels and nuclear power 
are competitors. 

While the NEPA Project (Nuclear Energy for Propulsion of 
Aircraft) of the U.S.A.F. was initiated shortly after the War, 
official interest in high-energy chemical fuels did not arise till 
around 1952, and may, in fact, have been activated by realiza- 
tion of the very long-term nature of nuclear powerplant 
development. This suggestion is to some extent corroborated 
by the relative designations of the U.S.A.F.’s strategic bomber 
weapons systems projects, the WS-110A chemically powered 
bomber and the WS-125A nuclear-powered bomber. 

In seeking fuels of higher heat content within the conven- 
tional hydrocarbon range a very slight gain in B.Th.U./lb. can 
be obtained by changing from kerosene to gasoline. The move 
is, however, accompanied by a relatively greater reduction in 
the B.Th.U./gal., thus incurring the need for a larger tankage 
volume. To extend outside the gasoline/kerosene range to a 
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Boeing’s IM-99 Bomarc surface-to-air weapon is one of the 
American missiles reported to use high-energy fuels; it has 
two Marquardt ramjets. 


lighter fraction would introduce all the hazards and problems 
of high-volatility fuels without much heat-content gain in 
return. - 

A fresh start is therefore necessary, and this can be most 
effectively initiated by studying the table of elements. Fig. 1 
indicates the heat of combustion obtainable from various 
elements when burnt in association with oxygen. It is apparent 
that hydrogen provides considerably more B.Th.U.s/lb. than any 
other combination. However, its extremely low density would 
necessitate the use of vast tankage volumes and would introduce 
radical storage and refrigeration problems in maintaining the 
fuel in the liquid state, i.c., below —253° C. 

Alternatively, metals such as lithium and beryllium provide 
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an attractive value of heat content. They, however, suffer from 
a high degree of scarcity, in addition to which the combustion 
products from beryllium are notably toxic. Of the non-metals, 
boron exhibits a high level of heat of combustion, and also 
forms advantageous compounds with hydrogen, known as boron 
hydrides or boranes. It is these compounds which have been 
widely investigated in the United States. This work started in 
a minor fashion in 1947, when combustion studies related to 
the possibility of employing boron hydrides in rocket, ramjet 
and turbojet engines were made. The major effect, however, 
was not initiated until 1952 under the name of the ZIP Project. 


Contracts for Research 

Two of America’s largest chemical companies, the Olin 
Mathieson Chemical Corporation and the Callery Chemical 
Corporation, were awarded contracts under this Project by the 
United States Air Force and the Navy Bureau of Aeronautics 
for work on high-energy fuels. Research on the performance 
of these fuels, presumably in engines, has been undertaken at 
the Lewis Flight Propulsion Laboratory of the NACA. 

The three most important boron hydride compounds are: 
diborane (B,H,), a gas at room temperature; pentaborane 
(B,H,), a liquid at room temperature; and decaborane (B,,H,,). 
a solid at room temperature. American work has centred 
around these and has involved detailed investigation and 
development of selected variants of this trio. Research has 
been directed towards improving the stability of certain of the 
compounds, in particular pentaborane, to render them safe and 
suitable for operational handling. Also, it has been necessary 
to reduce the degree of toxicity of the borane combustion gases. 
This has been done by introducing carbon into the molecule. 

From reports emanating from America, it now seems 
virtually certain that the final series of compounds which have 
been chosen for large-scale production on behalf of the 
U.S.A.F. and U.S.N. are derived from alkylated boranes. 
Alkylation involves the replacement of hydrogen by an alkyl 
group, the particular alkyl groups which have shown to advan- 
tage in this instance being ethyls. This necessary introduction 
of carbon into the fuel has resulted in a lower heating value 
from the compounds. Thus, with pentaborane the possible 
50-60", increase in aircraft range when using the straight 
compound is reduced to around 40%, increase in the case of 
alkylated pentaborane. 

American sources quote the Olin Mathieson series of fuels 
as having the designation HEF, it being implied that HEF-2 is 


alkylated pentaborane and HEF-3 is alkylated decaborane. 
The company itself describes the fuels as fully meeting its 
expectations with regard to high density, low toxicity and safe 
handling in addition to having a high energy content. The 
corresponding Callery series of fuels are designated HiCal-2 and 
HiCal-3. These are not to be confused with Olin Mathieson’s 
Hidyne hydrazine fuel, which made a powerful contribution 
in the Jupiter missile to the successful launching of America’s 
first satellite at the beginning of this month. 

Desirable and undesirable supplementary characteristics of 
these fuels are, respectively, their high rate of flame propagation 
and the deposition of decomposed fuel and boric oxide on the 
interior of the engine. The increased speed of flame propaga- 
tion is several times higher than that of hydro-carbon fuels. 
This is a result of the considerably higher reactivity of borane 
fuels and means that combustion “ blow-out”’ at high altitude 
is not so critical and that somewhat shorter combustion systems 
may be employed because combustion is completed in a shorter 
distance. 

Deposition of fuel in the region of fuel injectors occurs 
because boranes, when exposed to heat, decompose to form 
solid products. Boric oxide, which is formed during combus- 
tion, is a viscous syrupy liquid which deposits on the flame-tube 
walls, the stationary and rotating blades of the turbine and in 
the exhaust ducting. Both of these defects of the fuel are 
capable of causing quite serious malfunctioning of the engine 
and a reduction in performance. Investigations have been 
made by the NACA and other concerns in America to attempt 
to reduce the extent to which the fuel gives rise to depositions 
and to develop engine components better suited to tolerate oxide 
coating. 

It is in view of this tendency to deposit on the interior of 
the engine and of the measure of toxicity of the exhaust gases 
that the initial introduction into service of high-energy fuels 
may be limited to use in after-burner units. Here the only 
moving parts that would require to be protected from oxide 
deposition would be the variable-area nozzle leafs. 

Production, or synthesis, of high-energy fuels has been taking 
place in America on a semi-commercial scale for over a year 
and during 1957 work was started on the construction of a 
number of large-scale plants. Callery is building, and will 
operate for the U.S.N., a large $38-million plant at Muskogee, 
Oklahoma, and is company-financing a smaller establishment at 
Lawrence, Kansas. 

Olin Mathieson has financed and is already operating a 


Another missile 
likely to make use 
of high-energy fuel 
is the Bendix Talos 
for the U.S. Navy. 
It is powered by a 
ramjet unit. 


Bi eee” - a 
- GP tes _ > ia | 
a a BS , a 
es 2 om . —_ . a ae 
a ‘yo a> a fag ed — ae ae yea 
i Lied eS rs aa ' : er ae are fy : k a ’ ; : me Z 
Bas», 
“a 
aS 
aaa einai Cee = 
af a 
| OO =." 
; e 
- H ae 
ae « 
— i 
| 
za) 
ees 
a. Z 
CEE a f 
es. ‘3 
2 
5 agate 
Sh 
nae 
Me 
; oe sem 
| me con 
= the 
‘ = for 
ae q pla 
a US 
a 3 the 
Z 
_ 4 
ee inv 
a ae alk 
ae vs col 
W sta 
ae 
a m¢ 
a 
. a pl 
; Fie so 
“wee TI 
ees ' ca 
i | pl 
a | ca 
>. ye 
i. 
. re 
a7 ir 
. ‘are b 
es b 
oe a Cc 
te? Sam 
ons . 
 * eee Bet, © ; f ot SO a ee ee Se eee k 
a el ee eo ag i. toa ‘3 ie ae 7 , 
eo Retkse a Meee tae, eee ee AE Ss ae a i 
Be | ” ile aan £ i es ae io ha ee, Sa Se 
aes e fe ee ee Legh age eS 
7 : 3 # a * aie a J nin hi, sulle. 5 gee 
foie | nae —? nee a. és gill ; coe a. 4 one P 
sees ¢ | we : 7 ee a ee wie a : 
os i pe : | 
“a ; a ‘ al ‘ 4 i 
om » é ¢ oe» 
Tae _ ae ov ey eee ‘a f. 
a : ; , a Sa 
ef. : 5 in PP x 
: : oy” San. ( * x 4 a 
ea | . of | ti ? “al 
Bi J a) rt ¢ \ Hy 
~ . = } 3 
E i” de aig Us | mS 
- : ei 8.52") ‘% 
i a . ; 
“eS, ‘ a, , 7 ches 
oo lila - ; te 
p at a4 Pe pong, E mis fe ’ t % — ‘ 
5 ies fe! -— <M a he i 
= eB : ; =o 7 * . a Ly 
on ——<—__ Pest ~ ~ [BE RS es tee « 
ee ar + : ; oe " — 
a es e - eh — a 
are aioe = seen = . mn = 
— ee CC =—— 
P he aOnF a ee 
F i a 
= : 
ae 5 de 
¥ ie 
< n 3 hy 7 : : - 
=~ a se SR Je ea ee —s— . a : ; 
re i tee, 3 


FEBRUARY 21, 1958 


semi-commercial $5.5-million plant at Niagara Falls. This is 
concerned with HEF-2 and has made deliveries of this fuel to 
the U.S.A.F. An imterim $4.5-million plant is being constructed 
for the U.S.N. at Model City, N.Y. The largest Olin Mathieson 
plant is a $36-million unit being built at Model City for the 
U.S.A.F. This is scheduled to start producing HEF-3 towards 
the end of this year. 

The synthesis of boron fuels proceeds in three major stages, 
involving the preparation of diborane, which is then converted 
to pentaborane or -decaborane, and these finally undergoing 
alkylation. The main differences in production techniques 
concern the methods of obtaining diborane; the subsequent 
stages differ only in detail. 

Cost of the individual plants does not strictly constitute a 
measure of their relative capacities in that both the Callery 
plants and Olin Mathieson’s U.S.N. plant are each supplied with 
sodium borohydride, a key ingredient in the initial synthesis. 
The two large plants have been estimated as being individually 
capable of producing something in the region of 2,250,000 Ib. 
of fuel a year. The combined capacity of the remaining 
plants is in the region of 600,000 Ib., giving a total American 
capacity in the not-too-distant future of over 6,000,000 Ib. a 
year. 

This quantity would not be sufficient to meet the ultimate 
requirements of the U.S.A.F. and U.S.N., and is presumably 
intended to enable Service handling and flying experience to be 
built up and assessed prior to ultra-large-scale production plants 
being got under way. In this context it is likely that the oil 
companies are fully alert to the inroads that high-energy fuels 
could make into their domain and are preparing their own 
plans for this eventuality. Their type and size of organization 
is obviously more suited to the production and distribution of 
high-energy fuels when they are required in really large 
quantities. 


High-energy for a Bomber 

Following the initiation of serious investigation into the types 
and properties of borane fuels in 1952, laboratory reports were 
presented to the U.S. Defence Department in the spring of 
1954. These were sufficiently favourable to warrant the 
specification requirements for the WS-110A strategic bomber 
being written. The requirements were completed during 1955 
and study contracts for the WS-11A were placed with North 
American Aviation and the Boeing Aircraft Co. towards the 
end of that year. 

Initial propesals made by the companies were not regarded 
by the U.S.A.F. as being sufficiently advanced and a year later 
further study contracts were placed with North American and 
Boeing. Finally, at the end of last year the North 
American design was chosen. This aircraft was discussed in 
THe AEROPLANE of January 10. 

Design and construction ef the prototype is now proceeding 
and the aircraft, which is likely to be designated the B-69, is 
expected to fly within two years. It has been reported that its 
performance requirements demand a cruising speed in the 
region of Mach 2, rising to Mach 3 for the “ dash” period in 
the vicinity of the target or for the release of a stand-off bomb. 
The necessary range is of the order of 6,000 miles. The power- 
plants have been indicated as being later developments of the 
General Electric J79. Alternatively, G.E. are reported to be 
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North American Aviation’s 
WS-110A “‘ weapon-system”’ 
bomber which is powered 
by six after-burning turbo- 
jets using high-energy fuel. 
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producing a special borane-fuel engine, the J93, capable of 
30,000 Ib. with afterburning. 

Among the American missiles reported to utilize high-energy 
fuels are the Bendix Talos SAM-N-6, the McDonnell Triton 
SSM-N-2, the Boeing Bomarc IM-99, and the ill-fated North 
American Navaho SM-64. With the majority of these, the 
intention to use high-energy fuels has followed the initial design 
of the missile—for the Triton, however, the use of such fuels 
was scheduled from the outset. In missiles, in particular those 
employing ramjet propulsion, consideration of the toxic nature 
of the exhaust is no longer an important factor. 

In this country there has been no public indication of official 
interest in high-energy fuels. While undoubtedly their 
potentialities have been studied by both Government establish- 
ments and the aero-engine concerns, no attempt as yet appears 
to have been made to undertake pilot production and engine 
performance checks. While British military interest in the fuels 
may not be so great in view of this country’s relative 
geographical position and the range already obtainable from 
the V-bombers, it is vitally necessary that if important aircraft 
performance gains are to be had in the civil field by employing 
high-energy fuels, adequate research into their production tech- 
niques should be initiated under Government sponsorship 
forthwith.—T.F.K. 
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The heat of combustion and other physical properties for a 
range of borane-fuels. 
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Shaft Turbines from Ansty 


New aero-engines are fairly uncommon these days and are to be 
expected only when a new requirement has to be met. The Armstrong 
Siddeiey P81 and P.182 shaft turbines are being developed to fill 
the bill for 1,100-s.h.p. engines in both rotary- and fixed-wing aircraft. 


la meet a particular need in the World market for aero- 
engines, Armstrong Siddeley Motors, Ltd., are developing 
a pair of 1,100-s.h.p. shaft turbines—the P.181 intended for heli- 
copters and the P.182 for aeroplanes. The detail design work 
for these powerplants is now well under way in the company’s 
new design office at Ansty, near Coventry, and it is expected 
that the first engine will run by September this year with a type 
test in 1959 and production models available by 1960. 

Meeting the demands of the commercial market is now a most 
important function of the British aircraft and aero-engine 
industry. And in “ changing step ” to do this, it is essential that 
real—and not apparent—needs be discerned so that any new 
venture can be placed properly at the right point in time for it 
to have a good chance of success. 

Behind these new Armstrong Siddeley engines is a wealth of 
gas-turbine experience, for the company has produced both 
turboprop engines (Python, Mamba and Double Mamba) and 
turbojets (Adder, Viper and Sapphire) for military purposes. 
And the Viper, Double Mamba and Sapphire are still in 
producticn—some 10,000 of the latter having been built so 
far. 

As a consequence of emphasis changing onto civil applica- 
tions, and the evidence that a completely new commercial engine 
was required, the initial step was to survey the market in order 
to establish the objective towards which the design effort should 
be directed. It was obvious that there was already a sufficient 
number of large engines available or in the offing. No less 
evident was the need for a smal] shaft turbine in the 1,000-s.h.p. 
class. This fact, coupled with the company’s experience with 
small gas turbines (Viper and Mamba), made the choice logical. 
and design work was started as a private-venture project. 


The Choice of Layout 


Although the P.181 and P.182 are separate engines for rotary- 
and fixed-wing applications, the gas generator sections are 
identical and the differences are only in the means of final 
drive. In both cases, the compressor has two axial stages 
followed by a single centrifugal stage; by this means a higher 
pressure ratio (5.9: 1) is attained and the layout is simplified. 
The rotor blades of the axial stages and of the rotating inlet 
guide vanes of the centrifugal stage are of steel in order to 
provide as much resistance as possible to the effects of erosion 
and intake of dirt. 

It was this consideration that caused the Armstrong Siddeley 
team to decide against adopting an all-axial compressor. It was 
felt that, apart from the additional manufacturing expense of 


making very small blades for the final stages, there would b¢ 
a high percentage loss of performance due to the accretion o/ 
dirt on these small blades. 

Aluminium alloy is used for the centrifugal impeller of the 
compressor. Between this unit and the axial stages are two rows 
of flow-straightening vanes. Immediately aft of the impeller is 
a row of steel diffuser vanes which overlap radially so that they 
would contain a burst impeller. The rotor is of welded con- 
struction and the shaft runs on two bearings—a ball thrust 
bearing at the turbine end and a roller bearing at the compresso; 
end. The normal operating speed is 20,000 r.p.m. 

Air from the centrifugal compressor enters the annular com- 
bustion chamber casing and the main flow enters the vaporizing- 
type “J "-section flame tube by three paths—most of it through 
holes in the walls on either side of the “ downstroke” of the 
“J” and about 15% of it mixed with fuel and injected at 
the top of the “ downstroke.” A small percentage of air flows 
around the outer surfaces of the flame tube for cooling purposes. 
The products of combustion are directed around the base of 
the “J” and thence into the turbine. 

The gas-generator turbine has a shrouded second stage. The 
possibility of turbine-blade failure is allowed for, in that any 
such failure would be contained by the steel turbine stator 
casing. Additional protection is also afforded by the inner and 
outer walls of the flame tube and combustion-chamber casing. 
the “ downstrokes” of the “J” section being concentric with 


PAIRED POWER.—These 
impressions show how the 
P.181, above, and P.182, 
left, will look. The gas 
generator of the two 
engines is common and 
comprises a two-stage 
axial and final stage 
centrifugal compressor, an 
annular reverse-flow com- 
bustion chamber 2nd two- 
Stage turbine. Power is 
transmitted to rotor or 
propeller through asingle- 
stage free turbine. 
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COMPACT POWERPLANT.—These installation drawings 
show the compactness of the P.182 engine and indicate the 
location of various accessories and the mounting points. 
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MOUNTING POINTS 


the turbine stages. The two gas-generator turbine discs 
drive the compressor shaft through Hirth couplings. Turbine 
stator rings are dogged to allow for differential thermal 
expansion between the rings and their carriers. 

Running on ball and roller bearings, the single-stage free- 
power turbine drives a reduction gear at the front of the engine 
via a coupling shaft passing through the gas-generator rotor 
shaft. The drive from a sun-gear at the front end of this 
coupling-shaft is through a cluster of three idler wheels in a 
double-helical primary reduction gear. Spur gears return the 
drive to the sun-gear of the secondary, epicyclic, reduction 
gear, which drives three satellites; the drive to the power-output 
shaft is taken from the satellite’s carrier. 

This reduction gear gives a step-down ratio of 13.82: 1 for 
turboprop applications (P.182). At maximum-power turbine 
r.p.m. this gives a propeller shaft rotational speed of 
1,448 r.p.m. This is suitable for a propeller diameter of 11 ft., 
although a 12-ft. diameter could be used with this reduction-gear 
ratio if the prime requirement were for high thrust at take-off. 
Within certain limits, the reduction-gear ratio can be varied 
to suit a particular installation. 

The oil system for hydraulic propeller control is of the third- 
oil-line type. Lugs on the internal gear of the epicyclic train 
Operate the six pistons of a hydraulic torquemeter, a master 
piston acting as the control valve. A set oil pressure is supplied 
by a pump and ports are opened by a relief valve according to 
leakage through the five slave pistons. The pistons have pre- 
loaded springs to give an indication of low-torque for automatic 
pitch-coarsening or feathering. 

For the P.182 the propeller shaft is the S.B.A.C. No. 4 size 
and would normally mount an 11-ft. dia. three-bladed, constani- 
speed, feathering propeller. If required, provision can be made 
for reverse-thrust braking. 

The oil tank is integral with the upper half of the compressor 
casing and the gearbox for the accessory-drives is similarly 
integral with the lower-half casing. Drive from the compressor 
shaft is via a radial shaft at the bottom of the engine. This 
powers pressure and scavenge oil pumps, fuel pump and 
governor, percentage tacho-generator and an accessory drive 


shaft for aircraft ancillaries mounted on the airframe. 

A further auxiliary drive on the port side of the air-intake 
casing can be provided from the free power turbine via the 
propeller reduction gear for the purpose of driving accessories 
which must be linked to propeller speed, such as the propeller- 
controller unit (P.C.U.), torquemeter pump and percentage 
indicator for propeller speed. If the airframe designer requires 
the accessories to be coupled to propeller speed rather than to 
gas-generator r.p.m., then a remote-drive flange can also be 
provided on this gearbox. 

For helicopter applications of the engine (P.181) the drive 
can either be taken forward from the front end of the power- 
turbine shaft or aft from its rear end, according to rotor layout 
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and engine installation. The P.181 reduction gear at the rear 
gives an output r.p.m. of about 3,000, with further speed 
reduction at the rotor gearbox. A free-wheel is incorporated 
in the free-turbine shaft, aft of the roller bearing. 

The front propeller reduction gear is not used for helicopter 
applications and so the torquemeter pump, oil cooler, fan drive 
and auxiliary drive for airframe services are mounted on the 
rear reduction gear. According to the layout requirements, 
either single or bifurcated tail pipes can be used. The P.181 
can be installed at any angle, as dictated by airframe and rotor 
layout. 

All bearings are flood-lubricated, the oil being scavenged back 
to the tank cast integrally with the upper half of the compressor 
casing. The tank has a breather in the form of a centrifugal 
separator in the reduction gear. The system incorporates an 
oil-cooler mounted on the lower starboard side of the com- 
pressor casing. 

At first to be fitted with electrical starting, the P.181 and 
P.182 can be started by either iso-propy! nitrate @.P.N.) or by 
low-pressure air starters if required. The electrical starter motor 
is mounted on the starboard side of the engine and drives the 
gas-generator shaft via the accessory-drives gearbox. The 
combustion chamber is fitted with four atomizers and two high- 
energy igniter plugs for starting purposes. 

A single fuel supply manifold feeds 26 Armstrong Siddeley 
vaporizing-type burners. The pilot has single-lever control of 
the engine fuel system which is so designed that the governor 
and other units are density-insensitive to the type of gas turbine 
fuel used. In an emergency, the engine could be run on petrol 
without ill effect. 

Anti-icing is provided for the three aerofoil-section struts 
of the intake duct and the inlet guide-vanes of the compressor. 
The hollow guide vanes are fed with warm air from the 
compressor. Propeller de-icing for the P.182 is of the usual 
electrical type for blades and spinner. 


Applications and Prospects 

It is neither easy nor wise to attempt to assess the practical 
potentialities of an engine which is of completely new design 
and is not just the latest development of an existing powerplant. 
In the case of the P.181 and P.182 it would seem that although 
many applications will be found for the helicopter unit— 
whether in single or coupled form—there will also be scope 
for the turboprop P.182. Indeed, Armstrong Siddeleys are con- 
fident that the P.182 will find a ready market as a powerplant 
in both new aeroplanes and re-engined older types, such as 
the ubiquitous DC-3, intended for short-haul use. 

Future development to higher powers is provided for in that 
the present reduction gear is capable of taking up to 4,300 s.h.p. 
with no increase in weight, thereby greatly increasing the 
power/weight ratio of the powerplant. On the other hand, 
a lower-power version delivering 800 s.h.p. can be made avail- 
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Above is shown the estimated specific fuel consumption of the 
P.182 engine, plotted against forward speed, for |.S.A. sea-level 
itions. A propeller efficiency of 80°, is assumed. 
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These curves show shaft horsepower and jet thrust plotted 
against compressor r.p.m. under I.S.A. sea-level static 
conditions for the P.182 aeroplane engine. 


able. This would be extremely useful for the re-engining of 
both helicopters and aeroplanes where the original trans- 
mission or airframe can only take a certain amount of power. 

From the installation viewpoint, the new Armstrong Siddeley 
shaft-turbine engines are compact and quite short. This means 
easier accommodation in a helicopter and for an aeroplane 
allows more room for undercarriage retraction than might be 
supposed for a turboprop engine nacelle. This basic con- 
sideration of installation has affected the design of the engine 
in that a reverse-flow annular combustion chamber enveloping 
the turbine section, was adopted. The use of a centrifugal 
compressor stage is essential for diffusing the airflow out 
radially to this type of combustion chamber, but this feature 
does not greatly fatten an otherwise axially slim engine since 
the maximum diameter of the installed engine in turboprop 
form is decided by minimum spinner diameter plus the required 
annular area for the air intake and its surrounding duct. 

Experience gained in producing the Mamba and Viper 
engines has been embodied in the mechanical design of the 
new engines and the whole emphasis on design philosophy 
is for simplicity coupled with reliability, ease of access for 
servicing, long life and safety. With these aims in view these 
new Armstrong Siddeley engines from Ansty stand a very good 
chance of soon making their mark in the all-important World 
market for commercial gas-turbine aero-engines.—D.<. 
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The Pakistan 


Air Force 


Today 
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ITUATED half-way between the Middle and Far East, and 

with its northern borders flanking the extremities of China 
and the U.S.S.R., Pakistan occupies an important strategic 
position, and its alliance in the Baghdad and S.E.A.T.O. defence 
pacts is of very great value to the West. Unlike other countries 
in the area, with their “ neutralist ” policies, Pakistan has made 
a positive stand against Communism, and is a powerful factor, 
both militarily and politically, despite its relatively small size. 

The Pakistan Air Force is not large by European standards, 
but it must be reckoned as one of the most highly trained and 
efficient units in Southern Asia, and even more important are 
the quality and morale of its personnel. All the senior officers 
have served with the Royal Air Force, or the former Indian Air 
Force, and the entire P.A.F. organization is on R.A.F. lines, 
while many other personnel have completed training courses 
of various types in Britain. Since the granting of American 
aid to Pakistan following the agreement in 1954, some pilots 
and ground crews have trained in the U.S.A. and Germany. 

Combat equipment of the P.A.F. is now of American origin. 
consisting of several squadrons of North American Sabre 
fighter-bombers, backed up by Lockheed T-33 jet trainers, but 
in keeping with its strictly defensive réle, the Pakistan Air 
Force has no pure bomber element. Despite its long record 
of service, the Sabre is still a first-class tactical weapon, and is 
well suited to the conditions in Pakistan. It has completely 
replaced the P.A.F.’s first jet fighter, the Supermarine Attacker, 
which has been withdrawn for storage, but one squadron (No. 9 
—one of the former I.A.F. Units) of Hawker Fury fighter- 
bombers is still in operation in Pakistan. These piston-engined 
aircraft are very suitable for patrolling the wild and rocky 
North-West Frontier regions. 

Although the Pakistan Air Force was not officially formed 
until after Partition, in 1947, its links with the former Indian Air 
Force give it a historical tradition dating back to 1933. When 
Pakistan came into being as a nation, two of the 10 squadrons 
then comprising the I.A.F. were allotted to it, together with 
44 pilots, 2,000 airmen and about 200 officers. None of its 
aircraft was serviceable, with the exception of one Dakota, and 
the operational establishment comprised a handful of Tempests. 

The difficult task of building up the then Royal Pakistan Air 
Force was supervised by a succession of Commanders-in-Chief 
seconded from the R.A.F., starting with Air Vice-Marshal A. 
Perry-Keene, and assisted by other British personnel on 
detachment. The first requirement was to establish a systematic 
training organization, and : flying training school was set up at 
Risalpur, equipped with, Tiger Moths and Harvards. This 
eventually became a fulf-scale flying college on the lines of 
Cranwell, and the instructional sequence changed to the “ all- 
through ” system on Harvards alone. 

One of the initial R.A.F. C.s-in-C. of the Royal Pakistan Air 
Force, Air Marshal Sir Richard Atcherley, instituted in 1949-50 
a number of long-term measures for ensuring a consistent flow 
of suitable recruits and trained personnel into the P.A.F. These 
included two Public Schools; University Air Squadrons, with 
Tiger Moths and Auster Aiglets; an Apprentices Schoo] for 
technical training at Korangi Creek: and another technical 
establishment at Drigh Road. 

On the operational side, the three fighter-bomber squadrons 
which had been formed with Hawker Tempests were joined by 
a general-purpose unit with Handley Page Halifax Mk. 9 
bombers, and the Dakota transport squadron was joined by 
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a communications unit with a variety of aircraft. These 
included two D.H. Doves and a Vickers Viking which have 
since been joined for V.I.P. transport by a Vickers Viscount. 
They are operated by No. 12 (Composite) squadron of the 
P.A.F. from Mauripur, which also includes some Bristol 
Freighters and Wayfarers in its establishment. Pakistan is the 
biggest operator of the Bristo] Freighter, more than 60 of these 
aircraft having been ordered from 1949 onward for a remark- 
able range of duties. 

In addition to its primary function as a transport, the Freighter 
lends itself to such activities as maritime reconnaissance and 
air-sea rescue, with No. 12 Squadron, and fulfils a unique 
commitment with the supply of snowbound villages in Northern 
Kashmir by parachute in the winter. These “ Valley Flights ” 
by No. 6 Squadron P.A.F. through some of the highest moun- 
tains in the World have been undertaken for the past 10 years 
with only one fatal accident, including an extraordinary period 
of night operations. The P.A.F. accident rate gives one of the 
clearest indications of flying efficiency, and for the past year, 
during which a large proportion of its effort was devoted to 
achieving operational conversion to Sabres, it was reduced by 
half, to its lowest figure ever. The quoted rate of 0.4 fatalities 
per 100,000 hr. is believed to be something like 50% of the last- 
known figure for R.A.F. flying accidents. 

In 1950, the Tempests in the R.P.A.F. fighter-bomber 
squadrons began to be replaced by Hawker Fury FB.60s, and 
two dual-control Fury T.61s for conversion training, and were 
rapidly supplemented over the next three years by the Super- 
marine Attackers. These aircraft operated from comparatively 
few permanent stations in W. Pakistan, including Mauripur, 
Drigh Road, Chaklala, Peshawar, Miran Shah, Kohat, Lahore, 
Risalpur and Sargodha, although there are something like 80 
airfields, with excellent runways, available in the area, as a 
result of the wartime construction programme. A _ similar 
situation obtains in E. Pakistan, where no operational units 
of the P.A.F. are at present based, but a number of airfields 
are being extended by American engineers to permit fully loaded 
Sabres to operate from them. 

The first F-86Fs were shipped to Pakistan at the end of 1956, 
together with a number of Lockheed T-33s, and batches of 
P.A.F. personnel (the “ Royal” prefix was necessarily dropped 
when Pakistan became a Republic within the Commonwealth 
earlier that year) were trained in the U.S.A. before full facilities 
were organized in their own country. All P.A.F. jet pilots, 
from the C.-in-C., Air Vice-Marshal M. Asghar Khan, down- 
wards, are now fully instrument-rated, and the fighter squadrons 
have reached full-combat status. With the transport units, they 
come under No. | Group, which is the operational element 
of the P.A.F., with H.Q. at Peshawar, while No. 2 Group, 
administered from Drigh Road, includes the maintenance and 
ground units in its organization. 

In view of the aid situation, the future equipment policy of 
the P.A.F. is probably tied to the United States. There is an 
urgent need for a suitable basic jet trainer to replace the 
Harvards in Pakistan, but no aircraft of this type have been 
made available by the Americans to any foreign air force. 
Other U.S.A.F. types have been supplied to Pakistan, however, 
in addition to the Sabres and T-33s, and include Lockheed 
RT-33s for tactical reconnaissance and Sikorsky H-19 heli- 
copters. The first two of six such rotorcraft recently arrived 
in Pakistan for search and rescue duties, their pilots and ground- 
crews being trained in the United States. Later this year they 
will be joined by several Grumman SA-16 amphibians for 
similar duties in the P.A.F., based at Mauripur.—1J.e.F, 
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AIR POWER IN PAKISTAN 


Photographs by George Moore — Copyright “ The Aeroplane“ 
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Left, flying training up to “ wings’’ standard is conducted in the Pak 
North American T-6G Harvards at Risalpur. Above, a North Ameria 
one of the Mauripur-based P.A.F. fighter-bomber squadrons over kK 
right, one of the highlights of the recent P.A.F. display was a formation 
in an immaculate diamond. These pictures of the formation we 
accompanying T.33. 
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Above, rocket- and cannon- 
armed Hawker Fury F.B.60s 
are still used by No. 9 
Squadron, P.A.F., for 
patrolling the historic 
North-West Frontier re- 
gion, where their endur- 
ance at low altitude and 
good manceuvrability are 
invaluable. 


Below, as in the case of 
most P.A.F. airfields the 
outpost of Miran Shah, 
near the frontier of 
Afghanistan, was originally 
founded by the Royal Air 
Force, and this photograph 
of the landing strip was 
taken from the old Indian 
Army fort. On the airfield 
is a detachment of Furies 
from No. 9 Squadron, 
P.A.F., and a_ Bristol 
Freighter. 
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Current Aero-engine Trends 


N the next nine pages appear tabulated data of almost all 
significant aero-engines under development, in production 
and in service throughout the World. The result is not entirely 
comprehensive. Some older and long-obsolescent engines have 
had to be omitted to keep the tables to a reasonable length. 
Then, again, some companies and countries are notoriously 
shy of publicity, which explains the regrettable proportion of 
“ Not available” entries in, for example, the Soviet sections. 
And powerplants such as the Bristol and Marquardt ramjets 
and Aerojet rockets are not included, because only engines 
intended primarily for piloted aircraft applications are listed. 

With these exceptions, the tables give what is probably the 
most complete and concise survey of data on current aircraft 
powerplants yet presented in a technical journal; and, if we dig 
just a little deeper into the information on which they are based, 
a number of most interesting facts come to light. For example. 
despite the formidable length of the table of piston engines. few 
of these were developed in the 1950s, and great names like 
Rolls-Royce and Alfa-Romeo remain listed only because engines 
they built several years ago are still in use. The Wright Turbo 
Compound, boosted by two-speed supercharger and exhaust 
driven turbines to give 3,400 h.p., represents the ultimate chal- 
lenge of the large reciprocating engine to the turboprop. Nearly 
all other current piston engines are comparatively low-powered: 
notable examples in this country are the Alvis Leonides and 
Leonides Major radials. 

From the Continent of Europe, home of the “* build-it-your- 
self aeroplane, come ultra-light powerplants such as the 
Porsche 678 and Ardem, based on the simple well-proven Volks- 
wagen motorcar engine. America, with an annual market 
for over 6,000 new single- and twin-motor business and private 
aircraft, contributes an unrivalled range of horizentally-opposed 
units developing from 65 to 350 h.p.. with a few even-smaller 
two-strokes. 

Coventry Victor. to their credit, have tried to help would-be 
private owners in the U.K. by producing the little 60 h.p. Flying 
Neptune: and Rollason Aircraft and Engines are to build the 
Ardem at Croydon. In most other respects, the piston engine 
is fading rapidly from the scene, with even helicopters like the 
Wessex and Skeeter converting to the lightweight power and 
efficiency of the turbine. 

Varying national requirements in gas turbines are as marked 
as in piston engines, an outstanding example being the large 


by John W. R. Taylor 


turbojet. Britain’s de Havilland Gyron is the most powerful 
current turbojet in the World, with a developed thrust far 
above the officially-released 25,000 lb. with reheat. Yet the only 
aircraft for which it was specified, the Hawker P.1121 fighter, 
is now unwanted, and there seems no longer to be any 
requirement in this country for a large conventional turbojet. 

Canada and the United States, on the other hand, have a 
totally different defence problem, for which a very large, very 
powerful long-range interceptor is essential and will continue 
to be so, long after the date by which Britain plans to dispense 
with piloted fighters. As a result, the Orenda Iroquois turbo- 
jet is not only wanted urgently, but will almost certainly be 
developed to give over 30,000 Ib. s.t. with reheat in due course. 

Thrust alone is no proof of an engine’s efficiency and useful- 
ness. A powerplant of any required output can be designed 
and put into production quickly, if size and weight are 
immaterial; and it must be remembered that the 12,000 hp. 
Kuznetsov NK-12M turboprops used in the Soviet Tu-114 
transport are not only the most powerful in the air, but have 
by far the heaviest compressor-turbine assembly, reported to 
weigh about a ton. 

The large Mikulin turbojet fitted in the Tu-16 bomber also 
may achieve its high power at the expense of weight, efficiency 
and overhaul life—but this is of less consequence than sheer 
power in an aircraft designed to fight a quick atomic war. 
Furthermore, when the same engine is de-rated for civil use, its 
overhaul life can be expected to improve enormously. 

Nor should it be inferred that the Russians cannot build small, 
light, possibly more complex and certainly more efficient, gas- 
turbines. The slim axial-flow turbojets fitted in fighters such 
as the MiG-19 and the new “ Backfin” and “ Blowlamp” 
bombers must be remarkably advanced to give these aircraft 
the performance with which they are credited. 

If power/weight ratio is regarded as the main yardstick of 
efficiency in a non-expendable engine, it becomes apparent from 
the tables why Britain’s turbojets are still in Worldwide demand. 
America has under development two small engines, the Fair- 
child J83 and General Electric J85, which are intended to give 
an eventual power/weight ratio of around 10:1; but it is 
significant that the Lockheed Jetstar, which was to have been 
powered by four of these, is now flying with two Bristol Orpheus 
engines, installed originally as makeshifts but now to be 
retained, because of their proven efficiency. 

The Orpheus, on released figures for presently available 


The Rolls-Royce Conway 
by-pass turbojet—which de- 
velops, in its civil version, 
16,500 Ib. for take-off—has 
been chosen to power the 
Douglas DC-8s ordered by 
Trans-Canada Air Lines. 
A military version is to be 
used in the Victor. 
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Biggest of the British turbo- 
jets the de Havilland Gyron, 
seen alongside its smaller 
brother the Gyron Junior 
which delivers a_ take-off 
thrust of 7,000 Ib. and is to be 
used in the Blackburn and 
General Aircraft N.A.39 naval 
fighter. The latest version of 
the Gyron Junior is the 
D.G.J.10 which is reputed to 
have a five-figure thrust. 


engines, has an almost unrivalled power/weight ratio. It is 
already flying in six aircraft—one British, two French, one 
Italian, one Japanese and one American—and is specified for 
eight further designs. 

An excellent power/weight ratio is a prerequisite for the 
newer form of powerplants designed specially for providing 
direct jet lift for VTOL craft. This is yet another field of gas- 
turbine technology in which the aero-engine industry of this 
country has led the way. The first of these specialized engines 
was the Rolls-Royce Soar—now being developed in America by 
Westinghouse; of the more recent engines in this category is 
the Rolls-Royce RB.108 which has already been installed in the 
Short S.C.1. VTOL research aircraft. 

Our tables cannot indicate the extent to which British designs 
are being manufactured overseas. Yet the list is very impressive. 

Hardly recognizable under the designation of “ Wright J65,” 
the Armstrong Siddeley Sapphire is in production in America, 
where about 10,000 engines of this type have been built. 
Licences to manufacture the Orpheus are held by Hindustan in 
India, Wright in America, SNECMA in France and Fiat in Italy. 
America also has licences to build the Bristol Olympus and 
Marine Proteus, and the Rolls-Royce Nene and Tay. Italy is 
licensed to build the de Havilland Ghost, and so is Switzerland. 

Rolls-Royce have granted licence rights in the Derwent to the 
Argentine, in the Avon to Australia, Belgium and Sweden, and 
in the Tay to France. In addition, the Bristol Hercules piston 
engine is still in production in France for the Noratlas transport. 

What such licences earn in the way of royalties is anybody’s 
guess, because they are often bound up with political and 
economic policy at government level. But we do know that 
between 1952 and 1956 Britain received £24,809,000 royalties 
on aircraft, engines and equipment produced under licence over- 
seas, to which engines must have contributed a fair proportion. 

Russian turbojets are also in large-scale production under 
licence, in Poland, Czechoslovakia and probably East Germany; 
but only France of the other western countries can boast a 
major iicencing success, resulting from the enterprise of the 
Turboméca company in pioneering extremely simple light- 
weight gas-turbines after the War. 

In production by Blackburn in the U.K. and by Continental 
in America, these little engines are in a class by themselves 
and in their latest versions are beginning to challenge the well- 
established piston engine in small aircraft and helicopters. 

Because of the ever-increasing efficiency of the turbojet, it 
is easy to believe that the days of the turboprop are numbered; 
but this would be a mistake. Certainly there is no reason why 
jet-powered transports cannot be operated on short and medium 
stages; nor is there any reason why the Britannia, Tu-114 
and their successors should not continue to provide competition 
for the big jets on intercontinental routes for many years. 

There may always be room for the two side-by-side, with 
the turboprop transports offering, perhaps, a somewhat slower 
ride at lower cost, if I.A.T.A. agree to the differential fares 
requested by some potential jet operators. Furthermore, the 
turboprop will always be preferable where speed is not of 
primary importance, as in freighting. 

Whether or not we shall see any more really big turboprops 
after the Kuznetsov NK-12M is another matter. At forward 
speeds of over 500 m.p.h., even the normally slow-turning 
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propellers of the Tu-114 must be getting very near to super- 
sonic tip speeds, which would create serious noise problems. 
So it must be left to the turbojet to power fast aircraft, and it 
is difficult at the moment to visualize a sufficient build-up in 
bulk air freighting to justify continued research into large 
turboprops. 

In fact, two of the largest British and American types, the 
Bristol Orion and Pratt & Whitney T57, have already been 
put on the shelf, probably permanently. 

So much for conventional engines, the development pattern 
of which is fairly clear; but what comes next? 

One disturbing factor is that up to now almost all of the 
turbojets used in civil transports, including the Avon, JT3 (J57), 
JT4 (J75) and those which power the Russian Tu-104, began 
life as military engines. The fact that their development costs 
were paid for out of military funds and that they were 
“de-bugged” in service aircraft contributed greatly to their 
attractiveness as civil powerplants. What effect, then, will the 
changing pattern of air power have on the future? 

So far as high-speed transports are concerned, the picture 
does not look too black. Engines already under development 
should meet requirements up to the mid-’60s, by which time the 
first supersonic airliners should be coming along, at least in 
prototype form. American designers will be able to draw on 
experience gained with “ chemical fuel” turbojets already being 
produced for the North American F-108 interceptor and 
WS-110A Mach 3 bomber. (An article on such fuels appears 
on pages 241 to 243 of this issue.) 

At one time it was thought that flight at above about Mach 2 
would demand the use of ramjets; but there are signs that the 
turbojets will go well beyond this speed. Use of stainless steel 
and titanium instead of light alloys has already permitted greatly 
increased temperatures and performance, and U.S. technicians 
believe that substitution of cobalt-base alloys would enable 
turbojets to operate at up to Mach 5. 

At the higher Mach numbers, the airflow will probably be 
by-passed around the compressor into the reheat tailpipe. In 
this way, the engine would combine the take-off flexibility and 
economy of a turbojet with the high-speed efficiency of a ramjet; 
and there are even more advanced designs such as turbo-rockets 
to follow. The Nord Griffon is an example of the combined 
turbojet/ramjet powerplant. 

Nor should we overlook the possibilities of nuclear 
propulsion, for several U.S. companies are already developing 
airborne nuclear reactors under military contracts; and airframe 
design studies are under way at Lockheed, Convair and Martin. 

In this country, Mr. A. A. Lombard, chief engineer of Rolls- 
Royce’s Aero Engine Division, said recently that a nuclear- 
powered military aircraft may be demonstrated within the 
foreseeable future as a° scientific achievement, but that as a 
practical military aircraft, meeting a need incapable of fulfil- 
ment in a better manner by other means, it is still some distance 
away. He added that for commercial transport, and at the 
present stage of knowledge, it can be ruled out altogether. 

The fact remains that America—and probably Russia—is 
developing advanced turbojets and nuclear powerplants that 
will enter service one day; and it is to be hoped that our planned 
concentration on a missile defence will not preclude the 
provision of funds for similar projects in this country. 
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A small French turbojet, the Turboméca Gourcon, 
delivers a take-off thrust of 1,410 Ib. 


CURRENT POWERPLAN 


On this and the following pages, we summary sglicnt 
which are still in production or undergoing 
World. The turbine engines are deal! with fi 


Engine Compressor —" 


Air combus- 


Pressure tion 
Make and name Stages ratio aed chambers 


CANADA Ib./sec. 
Orenda Engines 
Orenda Series 9 
Orenda Series 11 
Orenda Series 14 
Iroquois .. ‘ 
FRANCE 
Marcel Dassault 


MD30-& Viper Armstrong Siddeley licence 
7 ‘ 


DRAWN 
ons 


www 
vioo 
Omow 


Hispano Suiza 
TsO" Rolls-Royce licence 
Verdon 350 
R.804 
R854... 
SNECMA 
Atar 101£.3 
Atar 101F 
Atar 101G.2 


Arar 101G.4 
tar 
Arar 9 
Turbomeca 
Palas | 
Arbizon .. 
Marboré I! 
Gourdon. . 
Gabizo 


Soulor 
Astazou .. 
Marcadau 
—— 

urmo! .. 
Above, top to bottom, Canada’s Iroquois Turmo Il 
turbojet rated at 28,000 Ib. s.t. with after- Turmo tt 

: A . Artouste I! 

burning ; the Marcel Dassault-built Viper 

ith afterburner (2,200 Ib. s.t.); and 
+ we afterb Sidd | (2 a Viper 10° which Note.—Data in italics are estimated or unofficial. Abbreviations.—Ann., annular; Ax., axial; B.P., by-pass engine 

a ‘i e rf $s ie A Tj., turbojet; Tp., turboprop; * Ib. thrust, s.h.p., e.h.p. or g.h.p. as applicable to respective type of engine: o, with 

elivers 2,000 Ib. s.t. 


> Pv 


a YMsee oo 
2 228 888a5 wwe 


ooo OOo NN? 
soo uuzz 
w “ 
$8 sss SNES 
eoo Co9oOoO ww 


-— 
-_—= 


© wes S58 
3 


bnaneaw ae 
“ZFozy as 
ng Sg 
=’ = = 
aZ=Z 
o> a> 

w 


zzzzz 
S>>>>> 


rer) 

anu 
—<. 

aon 


wee’ 
yt ite ae 


> 
ww 


ANReaN RANK NN AN 


eerburner 


Left, the Marcel Dassault R7 turbojet is a scaled-up version of 

the Armstrong Siddeley Viper (for which M.D. have a licence) 

giving 3,085 Ib. s.t. Below, Hispano Suiza’s 7,700 lb. st. 

Verdon—their development of the Rolls-Royce Tay, for wh ch 
they have a licence. 
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Another small Turboméca engine is the Bastan— 
a 750-s.h.p. turboprop unit. 
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ypmen’ in various countries throughout the 
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Sea level static performance Overall dimensions 

- Dr Power 

Length | Length | Width h A weight 

Take-off Maximum continuous of with or weignt! ratio 

engine | ex.cone | height 

e.h.p. r.p.m. |lb./*/hr.| Ib. th. | s.h.p r.p.m. {ib./*/hr. in in in Ib */Ib.wet 
_ 7,800 | 1.119} 5,020 = 7,250 | 1.09 N.A 143.6 42.0 2,560 | 2.48 
—_ 7,800 | 0.997] N.A. — N.A. N.A. N.A N.A 42.0 A. N.A 
— 7,800 | 0.997 | N.A — N.A. N.A. N.A N.A 42.0 2,470 | 3.04 
= A. N.A. N.A _ N.A. N.A. N.A 300.0a | 45.0 4,600 | over 

5.0 

13,400 | 1.10 N.A —_ N.A. N.A N.A. 65.8 26.8 49€b) N.A. 
— 13,400 | 2.300 | N.A — N.A. N.A N.A. 132.0 26.8 693 3.17 
— 11,800 | 1.07 N.A — N.A. N.A N.A. 78.7 28.7 750b; N.A. 
_ 12,500 | 1.06 4,585 — 12,200 | 1.00 96.0 N.A. 50.0 1,6105) N.A. 
i 1,000 | 1.06 5,645 — 10,700 | N.A. 100.0 N.A. 50.0 1,973b|] N.A, 
— 11,100 | 1.10 6,945 — 10,800 | N.A. 103.0 N.A. 50.0 2,057b) N.A. 
— 12,CCO | 1.07 2,645 os 11,250 | N.A. 83.0 N.A. 26.0 6€0b) N.A. 
a 12,000 | 2.000} N.A. a N.A. N.A. N.A. 146.0 26.0 850b; N.A. 
— 8,400 | 1.05 6,173 — 8,050 | 1.01 141.7 177.0 36.2 1,945 | 3.97 
-- 8,400 | N.A. N.A. — N.A. N.A. | 141.7 N.A. 36.2 N. N.A. 
a 8,400 Ye 5,952 — 8,050 | 1.07 N.A. 254.5 36.2 2,712 | 3.58 
a 8,400 | N.A. N.A. — N.A. N.A. N.A. N.A 36.2 N.A. 
— 8,400 | 0.98 7,825 — 8,150 | 0.935 N.A. 180.0 33.86 | 2,028b N.A. 
= 8,400 | 2.000] N.A. — N.A. N.A. N.A. 263.8 33.66 | 2 4.80 
— N.A. 1.17 287 _ N.A. 1.13 35.1 N.A. 16.0 159 | 2.22 
_ 34,000 | 0.92 440 — N.A. N.A. N.A. 56.8 19.9 229 | 2.40 
— 22,600 | 1.15 705 = 21,000 | 1.10 44.3 61.6 22.3 322 | 2.73 
_ N.A. 1.02 1,268 — N.A. 0.96 N.A. 74.8 22.5 3€0 | 3.62 

os 17,500 | 2.25 1,985 — N.A. 0.96 N.A. 142.20 | 26.5 740a| 4.580 

17,500 | 1.04 82.05 585 

_ N.A. 0.80 600 — N.A. N.A. N.A. N.A. 16.5 310 | 2.26 
N.A N.A. 0.72 N.A. N.A. N.A. N.A. N.A. 69.0 18.1 245 | 1.31 
N.A N.A. N.A. 66 320 N.A. N.A. 54.8 N.A. 21.5 307 | N.A. 
N.A 33,000 | 0.73 N.A. N.A. N.A. N.A. 60.9 N.A. 21.6 397 | 1.89 
N.A N.A. 0.91 N.A. 230 N.A. N.A. 45.2 N.A. 27.6 530 | 0.51 
N.A 28,000 | 1.00 N.A. 360 | 24,000 | N.A. 46.2 N.A. N.A. 310 | N.A. 
NA 34,500 | 0.77 N.A. N.A. N.A. N.A. 65.5 N.A. 31.4 530 | 1.42 
N.A 33,000 | 0.97 66 320 N.A. 0.11 35.8 41.77 | 21.5 242 | 1.65 


; ne 4 ‘ : - : 
. re ~ centrifugal; Cann.; cannular; D.F., ducted fan; G.G., gas generator; N.A., not available; S.T., shaft-curbine engine; 
7s terburner: b, less tailpipe: c, e.h.p.; d, compressor r.p.m.; ¢, power turbine r.p.m.; f, with reduction gear. 


of Below, a new French turbojet, in the medium-thrust category, 
e) seen for the first time at last year’s Paris Aero Show, is the 
t. Hispasww Suiza R804 which delivers 3,300 Ib. s.t. Right, an 
h attractive new American turboprop engine is the Lycoming T55 


giving 1,600 s.h.p. for take-off. 


253 THE AEROPLANE 


Above, from Canada comes the Orendéa Il, a 
7,500 Ib. s.t. turbojet. Below, Armstrong 
Siddeley’s 3,600 s.h.p. Double Mamba turbo- 
prop; and the French Atar 9 which, with 
afterburner, delivers 13,225 Ib. s.t. 
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THE AEROPLANE 
FEB. 21, 1958 


Current Powerplants... - 


Above, a new turbojet from Italy is the 
Fiat 4032, reported to be giving 6,620-Ib. s.t. 


Above, Rolls-Royce Avons have been built in 

very large numbers and in many versions ; 

this is the most powerful announced to date 
—the R.A.24 of 11,250-Ib. s.t. 


Above, available as a straightforward turbo- 

prop for aeroplanes or as a helicopter 

powerplant the Napier Eland is in the 3,500- 
e.h.p. class. 


NGI 
— 
Engines Compressor 
Make and nam T T Stage: Pressure =. — 
ame ype ype ses | ratio — 
U.S.A.—Contd. Ib./sec. i 
Lycoming = 
T53-L-1 (LTC1B-1) .. r&. os i SS. F oe. 5+1 5.7:1 10.8 825 | 
T53-L-3 (LTC1F-1)  .. a ae. oo | Ax.+C. 5+1 S739 10.8 96) 
T55-L-1 (LTC4A-1)  .. ae a oo fF Ve Ax.+C. 7+1 N.A. N.A. 6 
T55-L-3 (LTC4B-1) .. am 5 oo | S0o | AC. 7+1 N.A. N.A. "60 
Pratt & Whitney , 
J52-P-2 .. <a a aa a + Tj. | Ax. x Ax. | NLA. N.A. N.A. 
J57-P-19 and 31 (JT3) .. wa ae a Tj. | Ax.xAx. | 9x7 |12.5:1 |] 181.0 a 
575 (JT4) a sa Pr: ei ‘as Tj. | Ax.xAx. | NLA. | 12.5:1 | 260.0 _ 
T34-P-3 Tp. Ax. 13 6.7:1 67.0 5,50 
TS7 Tp. | Ax.xAx. | 9x7 N.A. N.A. NA 7 
Solar ‘ 
YT62 Titan (constant speed) .. S.T. CS. 1 N.A. N.A. 55 
YT66 (variable speed) .. $s SF. ©. 1 N.A. N.A. 65 
Westinghouse 7 
J34-WE-46 Tj. Ax. 11 4.35 :1 N.A. g 
J46-WE-8 7 Tj. Ax. 11 6.1:1 78.0 x 
J54—-WE-2 wi * Tj. Ax. 16 8:1] 100.0 “ail 
J81 (dev. of R.R. Soar) Tj. Ax. N.A N.A N.A. = 
right 
J65-W-5 (A.S. Sapphire) Th. Ax. 13 7:1} 120.0 “a 
J65—W-16 (A.S. Sapphire) Tj. Ax. 13 7:1] 120.0 ~ 
J65—W-18 (A.S. Sapphire) ei Tj. Ax. 13 7:1 120.0 — 
TJ-37 (Bristol Orpheus) ua a Tj. Ax. N.A. N.A. 1 
aaa (dev. of Bristol Olympus) Tj. | Ax. x Ax. 5x7 |10.5:1 N.A. a 
Klimov VK-1 (in !|-28) Tj. Cc. 1 N.A. N.A. ae 
Klimov VK-1A (in MiG-17) .. Tj. Cc. 1 N.A. N.A. ae 
Klimov VK-S (2) (in MiG-19) .. Tj. Ax. N.A. N.A. N.A. a 
Lyulka (in Tu-110) ee Tj. Ax. N.A. N.A. N.A. a 
Mikulin AM-3 (in Tu-104) Tj. Ax. 8 NA. N.A. = 
Zubets RD-3 (in Tu-104A) Tj. Ax. 8 N.A. N.A. _ 
Mikulin M-209 (in Tu-16) —.. ae a Tj. Ax. 8 N.A. N.A. _ 
Type 022 (2) (in An-8) .. oe a se ° Ax. N.A. N.A. N.A. 5,700 
Kuznetsov NK-4 (in lI-18)  .. ect oo. Ax. N.A. N.A. N.A. 4.000 
Ivchenko (in An-10)_ .. 7 ~ ~F * Ax. N.A. N.A. N.A. N.A 
Kuznetsov NK-12-M (in Tu-114)  .. shes Tp. Ax. 14 13:1 | 137.0 12 000 
Soloviev TB—2-BM (in Mi-6) .. ane <i a Ax. N.A. N.A. N.A. 4700 


Note.—Data in italics are estimated or unofficial. Abbreviations.—Ann., annular; Ax., axial; B.P., by-pass engi 
Tj., turbojet; Tp., turboprop; * Ib. thrust, s.h.p., e.h.p. or g.h.p. as applicable to respective type of engine; o, wit 


PISTO 


Engine Supercharger Dimension: 
No. | Cool- Fuel | 
Make and name Type | cyls. — Stages | Speeds grade Bore | Stroke — Le 
CZECHOSLOVAKIA in. in. 
Walter Minor 4-ill as LL. 4 A. — — 72 4.13 4.53 
Minor Sc. (M 332) 4. 4 A. 1 1 72 4.13 4.53 
inor 6-II1 a LL. 6 A. — — 72 4.13 4.53 
Praga Doris B H.O. 6 A. _— — 67-80 4.53 4.53 
FRANCE 
Ardem (Druine) 4 CO2.. | H.O. a A. _ _ 80 3.031 | 2.520 
Potez 4-D 02 ne os ae 4 A. — — 80 4.92 4.72 
4-D 30 ee 24. 4 A. 1 1 100 4.92 4.72 
6-D 02 Li. 6 A — — 80 4.92 4.72 
6-D 30 IL. 6 A. 1 1 1 4.92 4.72 
8D 32 on a3 8 A. 1 1 100 4.92 4.72 
Salmson 8 AS 04.A ii. 8 A. — — N.A. 4.72 5.51 
9 NH 02 * R. 9 A. — _— N.A. 3.94 5.51 
Snecma Régnier 41.04... LL a A. — — N.A. 4.72 5.51 
Renault 12.S. 02 .. LL 12 A. 1 1 N.A. 4.134 | 4.528 
Renault 12T. as AS 12 A. 1 1 N.A, N.A. | N.A. 
GERMANY 
Porsche 678/3 H.O 4 A. _ — 80 3.25 2.71 
678/1 H.O. 4 A. — —_— 80 3.25 2.71 
678/0 H.O 4 A. _ — 80 3.25 2.71 
ITALY 
Agusta G.A.40 H.O 2 A. _ — N.A. N.A. | NLA.” 
G.A. 70/O H.O 4 A. — — N.A. 3.62 3.41 
G.A. 70/V * V.O 4 A. _ _ N.A. 3.62 3.41 
Alfa 115 ter cL. 6 A. _— — 100/130 | 4.65 5.52 
LL 8 A. 1 1 100/130 | 4.72 4.33 
JAPAN 
Kawasaki KAE-240 H.O 6 A. —_ _ N.A. N.A. | NLA. 


Abbreviations.—A., air-cooled; D.D., direct drive; H.O., horizontally opposed; I.L., in-line; L., liquid-cooled; /. 
charger speed; R., radial; * helicopter engine; ¢ with coolant injection; ¢ max. 5 min. limit. V.O., vertically opposed 


Left, chosen for the Vickers Vanguard for B.E.A., the Rolls-Royce Tyne turbo- 

prop gives 4,885 s.h.p. for take-off. Below, as the powerplant for the long-range Be 

version of the Britannia, the Bristol Proteus 755 turboprop is the latest in the sh 
series and delivers 3,650 s.h.p. for take-off. of 
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URBINWGINES—Contd. THE, AEROPLANE 


——_] 


Lc 
Sea level static performance Overall dimensions 
Dr Power/ 
Length | Length | Width : % weight 
Take-off Maximum continuous of with or | Wels ratio 7 
engine | ex.cone| height 
s.h.p : e.h.p. | r.p.m. {ib./*/hr.| Ib. th. | e.h.p. jr.p.m. [ib./*/hr. in, in in. Ib */Ib.wt. 
82 866 | 21,500 | 0.673 % 770 | N.A.| 0.689] 47.61 | N.A. | 23. 480 | 1.80 
96) | 1,005 | 22,400} 0.655 100 825 | 21,800] 0.677| 58.85 | N.A. | 23. 495 | 2.03 
| 1,6 1,676 A. | 0.648 168 | 1,325 | N.A.| 0.685] 58.85 | N.A. | 24.25 695 | 2.41 
1,60) | 1,676] N.A. | 0.648] 168] 1,325] N.A.|] 0.685] 44.04] N.A. | 24. 2.79 a. 
a — N.A. | 0.08 | N.A. — | MA) NA | NMA. N.A N.A. | NLA. | NLA 
a o 8,000 | 2.00a] N.A. — |NA.| NA. | NA. | 180.0 | 40.0 | 5,2000} 3.17 
0.82 4,100 
= a N.A N.A. | NLA. — |NA.| NA. | 191.0 | 214.0 | 585 | 5,300 | 325 2 
5,500 | 6,000 | 11,000] 0.63 | 1,125 | 4,750] N.A.| 0.655] N.A. | 156.8 | 33.75 | 2,670 | 2.25 i 
N.A. | 15,000] N.A. | N.A. | NLA. | NLA. | NLA] NLA. | NLA. N.A. | NA. A. | NA. 
55 |_N.A. | 57,600] N.A. | NLA. | NLA. | NLAJ] NLA. | NLA. 20.0 | 15.5 50 | 1.12 | 
55 | N.A. | 57,600 | N.A. | NLA. | NLA. | N.AL] NLAL | NLA 22.5 | 15.5 50 | 1.12 
= a 12,500 |.N.A. | N.A. — | NA.| NA. | NLA. | 111.4 | 27.0 | 1,207 | 2.82 
a — | 12,500] 2.10 | N.A. — | N.A.| NA. | NLA. | 182.0 | 32.0 | 2,090 | 2.87 i 
a aia N.A. | 0.85 | N.A. — |N.A.| N.A. | 120.0 | 158.0 | 35.0 | 1,400 | 4.64 
= a N.A. | N.A. | NLA. — | NA.| NA. | NAA. N.A. | N.A. | NLA. | 6.78 
= = N.A. | N.A. | NLA. — |N.A.| NLA. | NLA. | 109.0 | 37.5 | 2,750 |. 2.62 
= in N.A. | NLA. | NLA. — |NA.| NLA. | NLA. | 113.0 | 37.5 | 2,742 || 2.81 ; 
aa a N.A. | NLA. | NLA. — |N.A.| N.A.y] NLA. | 181.0 | 37.5 | 3,485 | 2.87 
a ae N.A. | N.A. | NLA. — | NA.| NA. | NLA, 76.57 | 32.4 | N.A. | NAA. 2 
= —_ N.A. | 0.718] N.A. — | N.A.| NLA. | 121.0 N.A. | 41.0 | 3,600 | 3.47 
= ssi N.A. | NLA. | NLA. — | NA.| NA. | NAA. N.A. | 50.0 | 2,000 | 2.98 
= _ N.A. | NLA. | NLA. — | NA.| NA. | NLA. N.A. | N.A. | NLA. | NLA. 
a aan N.A. | N.A. | NLA. — | NA.| NA. | NA. N.A. | N.A. | NLA. | NLA, 
a inst N.A. | NLA. | NLA. — | NA.| NA] NAA. N.A. | N.A. | NLA. | NLA. 
— _ N.A. | 0.90 | N.A. — | NA.| NA. | NAA. N.A. | 485 | N.A. | NLA. 
= i N.A. | N.A. | NLA. — | NA.| NA] NAA. N.A. | N.A. | NLA. | NLA. 
aa ~- N.A. | NLA. | NLA. — | NA.| NAL] NLA. N.A | 50.0 | N.A. | NLA. 
5,700 | N.A. 7,650 | 0.54 | N.A. | N.A. | N.A.| NLA. | NLA. | 177.2 | 41.3. | 3,087 | NLA. 
4,000 | N.A. | NLA. N.A. | NLA. | NLA. | NLAL| NLA. | ONLA. N.A. | N.A. | NLA. | NLA. 
N.A. | N.A. | NLA. | NLA. | NLA. | NLA. | NLAL] NLAL | ONLAL N.A. | N.A. | NLA. | NLA. 
12,000 | N.A. 9,250 | 0.573] N.A. | N.A. | N.A.|] NLA. | NLA. | 236.2 | 45.3. | 5,070 | N.A. 
4.700 | N.A. | NLA. | NLA. | NLA. | NLA. | NLAL] NLAL | NLA. N.A. | NLA. | NLA. | NLA, 
centrifugal; Cann., cannular; D.F., ducted fan; G.G., gas generator; N.A., not available; S.T., shaft-turbine engine; Above, intended as a helicopter power- 
turner; b, less tailpipe; c, e.h.p.; d, compressor r.p.m.; e, power turbine r.p.m.; f, with reduction gear. plant, the Napier Gazelle Junior shaft-turbine 
engine delivers a power of 1,070 s.h.p. for 
NGINES take-off. 
Dimension: i i 
Ratios Performance Cruising : . 
vept Dry : c ption Below, Armstrong Siddeley’s Sapphire A.S. 
jume |“*%lividth | Height | “*'8"*] Comp. —- Take-off Max. continuous Fuel Ol Sa.7 gives a static take-off thrust of 11,000 Ib. ; * 
~e Sapphires power the Victor, two versions of 
| on.” in. Ib. b.h.p. | r.p.m.}| b.h.p. | r.p.m. ft. g.p-h. | pt./hr. the Hunter and various marks of Javelin. 
a | ams! | 249 199 6:1 D.D. 105 | 2,500 N.A. N.A. N.A. 0.49 ib. | .018/b 
4 | eT. | 24.7 225 | 63:1 D.D. 140 | 2,700 115 2,550 S.L. 0.45 Ib. | .018 Ib 
7 «| a | 25.16 | 280 6:1 D.D. 160 | 2,500] N.A. N.A. N.A. 0.49 Ib. | .018 Ib. 
#81 | 24.06 | 436 7:1) 055:1 220 | 3,000 200 2,900 S.L. 0.46 Ib. | .013 Ib. 
262 | no | 25.0 | 133(P)| 66:1] 0.0. 30.7| 3,000] NA. | NA. NA. 1.75 NA. 
2 | agg 287 | 28.35 | 320 7:1 D.D. 165 | 2,550 155 2,500 S.L. 0.47 Ib. | NLA. 
9 | 87 | 28.35 | 403 7:1 D.D. 240 | 2,550 205 2,400 2,300 0.49 Ib. | NLA 
9 | e287 | 28.35 | 517 7:1 D.D. 240 | 2,530 230 2,500 S.L. 0.48 Ib. | NLA 
9 | «M287 | 28.35 | 573 Z=4 D.D 305 | 2,400 260 2,400 S.L. 0.51 Ib. | NLA 
5 | ams | 31.6 778 7:1 D.D. 520 | 2,650 415 2,650 Si. 0.49 Ib. | NA 
4 | Nmes | 283 578 | 5.9:1 D.D. 260 | 2,000] N.A. N.A. N.A. N.A. N.A 
4 |SMENA | NAL | 374 | 5.324 D.D. 220 | 2,250 182 2,130 S.L. 12.9 2.0 
2 (aes | 29.8 342 | 62:1 D.D. 145 | 2,340 133 2,280 Si. 10.1 N.A 
‘a. | aMees | 29.7 812 | 64:1 | 0.57:1 580 | 3,300 439 3,250 7,850 41.3 N.A 
: 6 | 29.7 | NLA. | NAA. N.A. 600 | 3,300 506 3,250 7,850 41.3 N.A 
62 NEMA | NA. | 150 | 75:4] DD. 52 | 3,200} 50 | 3,150 S.L. 2.6 0.3 
5 |NMNA | NA. | 178 | 7.5:4 | 0.47:1 65 | 4,500 55 4,200 S.L. 3.4 0.4 
, NA. | NLA. | 183 | 7.5:1 |] 0.59:1 65 | 4,500 60 4,380 S.L. 3.7 0.4 
68 | em | 1535 | 964] NA. | DD. 42 | 2,700} NA | NA. NA. NA | NA 
4 | 19M 33 | 17.72 | 163 N.A D.D. 83 | 3,600] N.A N.A. N.A. N.A. N.A 
“ 126 | 28.94] 159 N.A D.D. 72 | 3,100} NA N.A. N.A. N.A. N.A 
, 1 79@6 | 32.5 515 | 65:1 D.D. 225 | 2,400 215 2,250 S.L. N.A. N.A 
69 | 27.5 814 | 65:1 |0.621:1 410 | 3,000 340 3,000 S.L. 0.52 ib. | NLA 
N 
NA | NLA. | NLA. | NLA N.A 260 | 3,400] N.A N.A N.A. N.A. N.A 
a p/h; (M), medium supercharger speed; N.A., not available; (P), with propeller and exhaust stubs; (S), fast super- 
‘bo- 
nge Below, the Bristol Olympus is a two-spool turbojet; the version 
the shown here is the Mk. 104 (13,000-Ib. s.t.). Right, most powerful 


of the Bristoi Orpheus series yet in service is the B.Or.3 of 4,850-Ib. s.t. 
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THE AEROPLANE 
FEBRUARY 21, 1958 


Current Powerplants ... . 


Above, powering many types of aircraft in 
America the Lycoming flat-six is a very 
neat powerplant; one version develops 
340 b.h.p. under static sea-level conditions. 


Above, used in large numbers in light 

aircraft all over the World, the Continental 

flat-four engine delivers, in its C90 version, 
95 b.h.p. for take-off. 


Engine No. Supercharger 
eg Cool- Fuel 
Shika Gad taane Type | cyls. | '"® | Stages | Speeds grade Bore | Stroke = om 
in. in c.. in 
POLAND 
Narkiewicz WN-3 .. R. 7 A. _ — 72 5.31 5.27 820 x 
SPAIN 
E.N.M.A. Flecha F-IV-1 H.O. 4 A. — _ 87 41 3.9 211 ry 
Tigre G-IV-AS IL. a A. _ _ 80 4.72 5.512 336 “4 
Tigre G-IV-B5 LL. 4 A. — ~ 80 4.72 5.512 386 7) 
Alcion A-1 R. 7 A. 1 1 100 4.33 4.33 46 & 
Sirio S—VII-2 R. 7 A. 1 1 87 5.9 5.75 1,0°0 & 
Beta B-4 .. R. 9 A. 1 1 87 6.1 6.8 1,820 4 
UNITED KINGDOM 
Alvis Leonides 514/8 R. 9 A. 1 1 100/130 48 4.41 718.6 | % 
Leonides 521/1* ‘a R. 9 A. 1 1 100/130 48 4.41 7°86 | % 
Leonides Major 702/1.. | 2R. 14 A. 1 1 100/130 | 4.8 4.41 1,118 Q 
Leonides Major Mk.155*| 2R. | 14 | A. 1 1 100/130 | 4.8 44 11118 |g 
Blackburn Bombardier 
703/203 | I.L. o A. _ _ 80 4.8 5.5 398.12 | & 
Cirrus Minor IIA LLL. 4 A. — — 73 3.94 5.0 243.5 | 7 
Cirrus Major Ill LLL. a A. _— — 80 4.72 5.51 386.4 14 
Bristol Hercules 634 .. ia 2R. 14 A. 1 1 100/130 5.75 6.5 2,360 | 6 
Hercules 773 .. 2R 14 A. 1 1 100/130 5.75 6.5 2,360 | 70 
Centaurus 173 2 18 A. 1 1 100/130 | 5.75 7.0 3,270 | 7g 
Centaurus 661 2R. 18 A. 1 2 100/130 5.75 7.0 3,270 | %4 
Coventry Victor 
Flying Neptune H.O. + A. — _ 80 3.346 | 3.15 110.76 | 24 
de Havilland 
Gipsy Major 10 Mk. 2 LL. 4 A. — - 80 4.646 | 5.512 373.6 | a 
Gipsy Major 201 ee LL. 4 A. _ — 100/130 4.725 | 5.905 416 51 
Gipsy Major 215* - ad... 4 A. Optional 100/130 4.725 | 5.905 416 565 
Gipsy Queen 30 Mk. 2 a4. 6 A. — = 91/96 4.725 | 5.905 622 615 
Gipsy Queen 70 Mk. 2 LL. 6 A. _ ~ 100/130 | 4.725 | 5.905 622 17 
Rolls-Royce Merlin 724 LL. 12 . 2 2 100/130 5.4 6.0 1,649 719 
Griffon Mk. 57 LL. 12 é. 1 2 100/130 | 6.0 6.6 2,240 ct) 
U.S.A. 
Continental A65-8 .. H.O. - A. — — 73 3.875 | 3.625 171 
C90-12F .. | 4.0. A. — — 80/87 4.06 3.875 201 
0-300-A and B H.O. 6 A. — _— 80/87 4.06 3.875 301 
ews tt. -- | #0. 6 A. — _— 80/87 5.0 4.0 471 
Ge .. -- | 4.0. 6 A. — _ 80/87 5.0 4.0 471 
O-470-K and L | H.O. 6 A. —_ — 80/87 5.0 4.0 471 
0-470-M .. | 4.0. 6 A. —_ —_ 91/96 5.0 4.0 471 
Franklin 335 (6A4—-165-B3) .. | H.O. 6 A. — — 80 45 3.5 335 
*335V (6V4-200-C32) | V.O. 6 A. —_ _ 90/91 4.5 3.5 335 
*425 (6V6-245-B16F) | V.O. 6 A. — — 80 4.75 4.0 425 
Lycoming O-235-C1 -- | &O. 3 A. _ _ 80/87 4.375 | 3.875 233 
O-290-D2B H.O. 4 A. — _— 80/87 4.875 | 3.875 289 
O-320-B1A H.O. a A. _ _ 91/96 5.125 | 3.875 319.8 
O-340-B1A H.O. a A. _— = 80/87 5.125 | 4.125 340.4 
O-360-A1A H.O. 3 A. — _ 91/96 5.125 | 4.375 361 
O-435-A .. H.O. 6 A _ — 80/87 4.875 | 3.875 434 
*VO-435-A1D v.O. 6 A. — — 80/87 4.875 | 3.875 434 
GO-480-D1A .. | H.O. 6 A. — _ 80/87 5.125 | 3.875 479.7 
GSO-480-A1A6 .. | H.O. 6 A. 1 1 100/130 | 5.125 | 3.875 479.7 
SO-580-A1A oo | HO. 8 A. 1 1 100/130 | 4.875 | 3.875 578 
*VSO-580-A1A 
(O-580-3) oo 1 Ve 8 A. 1 1 100/130 | 4.875 | 3.875 578 
McCulloch 43188 (O-100-2) Py 8 A. — 10:1 mix.| 3.19 3.125 100 
*4318C (YO-100-4) - or 115/145 
V.O. 7 A. — — with oil | 3.19 3.125 100 
6318 (0-150-2).. | H.O. 6 A. — 10:1 mix} 3.19 3.125 150 
115/145 
TC6150 (O-150-4) H.O. 6 A. 1 1 with oil | 3.19 3.125 150 
Nelson H-63 .. ae -- | 4.0. 4 A. — _— 8:1 mix | 2.69 2.75 63 
80/oil 
Pratt & Whitne 
R-985 BS wt = rm R. 9 A. 1 1 80/87 5.19 5.19 985 
R-1340-S1H1-G__. és R. 9 A. 1 1 80/87 5.75 5.75 1,344 
R-1830-S1C3-G a 14 A. 1 1 91/96 5.50 5.50 1,830 
R-2000 DS .. ; oo | ae 14 A. 1 1 100/130 | 5.75 5.50 2,004 
R-2800 CB 16 2R. 18 A. 1 2 100/130 | 5.75 6.0 2,804 


Abbreviations.—A., air-cooled; D.D., direct drive; H.O., horizontally opposed; I.L., in-line; L., liquid-cooled; /b., '> 


charger speed; R., radial; * helicopter engine; t with coolant injection; { max. 5 min. limit. 


V.O., vertically opposed 


Left, the D.H. Gipsy Major 200 from which has been developed 
the 215 intended for the Saunders-Roe Skeeter helicopter. 
Below, the Ardem 4C02 30.7-b.h.p. ultra-light aircraft engine. 
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[STOMGIN ES—Contd. FEBRUARY On, 1958 


Dimensig Ratios | Performance Cruising 
ae et |6Dry i c ption 
an Lenfiach | He ht weight Comp. a Take-off Max. continuous Fuel Oil 
in | im Ib. b.h.p. r.p.m. b.h.p. r.p.m. fc g-p.h. pt./hr. 
o iM 435 530 | 62:1] DD. 320 | 2,350 285 2,250 S.L 0.48 Ib. | .011 Ib. 
1 | es | 24.72 [187-198] 7:1] D.D. 90 | 2,500] N.A. N.A. N.A 0.55 Ib. | .02 Ib 
36 | Mm | 2°82 | 297 6:1] DD. 125 | 2,000] N.A. N.A. N.A 0.496 Ib. | .018 Ib 
86 | MB | 2992 | 323 | 65:1] DO. 150 | 2,300] N.A. N.A. N.A 0.496 Ib. | .018 Ib 
“6 | 6 | 3246 | 495 | 65:1 | 0.66:1 275 | 3,000 250 2,800 4,920 0.46 Ib. | .018 Ib 
0 | | 441 785 6:1] D.D. 2,300 440 2,100 6,890 0.55 Ib. | .018 Ib 
0 | 4m, | s 1,070 | 64:1] D.D. 775 | 2,200 750 2,100 9,500 0.55 Ib. | .018 Ib 
8.6 | 4Mies | 4° 5 810 | 65:1 | 05:1 | 540-560 | 3,000 500 2,900 3,750 23.5 4-9 
18.6 | Mes | 415 790 | 65:1 | 0.8:1 | 480-500 | 3,000 375 2,800 3,750 N.A. 4-9 
‘8 | Qs | 369 11,200 | 68:1 |0.533:1 885 | 3,000 735 2,900 6,500 36.0 7-12 
18 | M@y | 39 [1,050 | 68:1] DD. 780 | 2,900] 685 | 2,900 7,500 42.0 7-12 
8.12 | Mle, | 3:54] 375.5] 65:1] D.D. 170+ | 2,600 150 2,300 1,250 10.5 1-3.5 
35 | Moy | 2645 | 247 |6.25:1] DD. 100¢ | 2,600 2,300 3,000 6.0 0.4-2.0 
6.4 | Mos | 30.8 345 | 65:1] D.D. 158t | 2,450 138 2,200 1,500 9.75 | 0.8-2.0 
60 | Hoy | 52.0 11,945 | 7:1 10.444:1]| 1,780¢ | 2,800 | 1,510 2,400 3,750 61.0 6.0 
60 | MiBsy | 50 |2:395 | 7:1 |0.444:1| 2:125+ | 2:900 | 1.635 2,500 2,750 58.0 6.0 
= 73 | 55.3 13,400 | 7.2:1 | 04:1 2,850+ | 2,800 | 2,390 2,500 4,500 90.0 7.0 
270 | Ms | 55.3 13,460 | 7.2:1 | 04:1 2,800 | 2,265(M)} 2,500(M)} 5,S00(M)| 85.0 7.0 
om 2,110(S) | 2,500(S) | 12,000(S) 
6 | 47go | 22.0 210 | 65:1 D.D. 55-60 | 3,200 A. N.A. N.A. N.A. N.A. 
: 6 & ini | 30.6 325 | 6:1 D.D. | 139-145 | 2,550 136-142 2,400 S.L. 2.0 2.0 
: 438 | 29.8 400 |7.25:1] O.D. | 192-200 | 2,600 194 | 2,5 S.L. 6 4.0 , . i 
6 | S6Sliny | 340 | 415 | 7.25:1] DD. 215 | 2.850 | 207 | 2.700 St. | 96403 | 15 — fo 1 
- Si5iieso | 32.99 | 525 | 65:1 D.D. | 240-250 | 2,500 | 240-250 | 2,500 S.L. 12.9 3.5 conides Major o -n.p. ts 
: m #5 | 33.23 | 690 | 65:1 |0.711:1] 365-380 | 3,000 341-355 2.700 . 4,250 17.5 4.0 available as a powerplant for aero- : 
mi | NA. |1,790 | 6:1 | 0.42:1] 1,7 3,000 | 1,500(M)| 2,850(M)| 7,750(M)| 115.0 6-16 ; 
' 4'420(S) | 2'880(S) | 18°750(S) planes and helicopters. 
5Mivg | NA. 12,145 | 6:14 | 0.44:14 | 2,435 | 2,750 | 1,355(M)| 2,400(M)| 6,250(M)| 124.0 4-20 
1,285(S) | 2,400(S) | 12,500(S) 
304 20.3 170 | 63:1] D.D. 65 | 2,300 65 2,300 S.L. 4.0 N.A. 
it 24.2 186.5| 7:1 D.D. 95 | 2,625 90 2,625 S.L. 0.53 Ib. | NLA. 
39) 23.25 | 2765] 7:1 D.D. 145 | 2,700 145 2,700 S.L. 0.50 Ib. | N.A. 
46) 25.63 | 326 | 7:1 D.D. 205 | 2,600 205 2,600 Sk 0.50 1b. | NA. 
46] 25.63 | 363 | 7:1 D.D. 225 | 2,650 225 2,650 S.L. 0.54 Ib. | NA. 
360 27.75 | 404 | 7:1 D.D. 230 | 2,600 230 2,600 S.L. 0.52 1b. | NA. 
433 19.62 | 409 | 8:1 D.D. 240 | 2,600 240 2,600 $.L. 0.56 Ib. | NLA. 
Dna | NA. | 320 | 7:1 D.D. 165 | 2,800 | N.A. N.A. N.A. 0.50 Ib. | .02 Ib. 
va | NA. | 310 | 7:1 D.D. 200 | 3,100.| N.A. N.A. N.A. 0.50 Ib. | .02 Ib. 
392228 | 38.0 352 | 7.5:1 | D.D. 245 | 3,275 | N.A. N.A. N.A. 0.52 Ib. | .02 Ib. 
237 |6.75:1| D.D. 115 | 2,800 108 2,600 S.L. 0.52 Ib. | .012 Ib. 
8 264 7:1 D.D. 140 | 2,800 135 2,600 S.L. 6.5 N.A. 
4 278 7:41 D.D. 160 | 2,700 150 2,700 S.L. 8.2 N.A. 
275 | 7.5:1 | DD. 160 | 2,700 160 2,700 S.L. 8.5 N.A. 
285 | 85:1] D.D. 180 | 2,700 180 2,700 Si, 9.0 N.A. 
392 | 65:1] DD. 190 | 2,550 190 2,550 S.L. 0.52 Ib. | .012 Ib. 
’ 390 | 73:1] DD. 260 | 3,400 250 3,200 cL. 20.0 N.A 
; 453 | 7.3:1 | 0.642:1 275 | 3,400 260 3,000 S.L. 13.0 N.A 
498 | 7.3:1 |0.642:1 340 | 3,400 320 3,200 7,500 16.0 N.A 
578 | 7.3:1 |0.642:1 400 | 3,300 350 3,000 S.L. 16.5 N.A 
591 | 7.3:1] O.D. 400 | 3,300 350 3,000 S.L. N.A. N.A 
77: |78:1] DD. 72 | 4,100 72 4,100 Si: 0.90 !b. | N.A 
7:4 D.D. 60 | N.A N.A S.L 0.70 Ib. | 0.07 ib. 
114] 78:1] D.D. 110 | 4,100 110 4,100 S.L 0.85 Ib. _ 
142 | 7.8:1] D.D. 120 | N.A 86 N.A 30,000 0.80 Ib _ 
57 | 8:1 D.D. 42 | 4,000 42 4,000 Si. 5.5 
= #10 | 46.10 | 682 | 6:1 D.D. 450 | 2,300 450 2,300 2,300 0.575 ib- | .025 Ib. 
iM | 51.80 | 865 | 6:1 D.D. 600 | 2,250 550 2,200 8,000 N.A. N.A. ; ; 
eum? | 48.19 [1.467 | 6.7: 1 10.5625:1] 1,200 | 2,700 | 1,050 2,550 7,500 N.A. N.A Above, an attractive small engine 
810 49.10 | 1,585 6.5:1 |0.500:1 1,450 2,700 1,200 2,550 6,400 N.A, N.A from the Continent is the German 
81.29 | 52.80 12,390 |6.75:1| 0.45:1 | 2,400¢ | 2,800 | 1,800(M)| 2,600(M)! 8,500(M)| NA. N.A Porsche flat-four giving a take-off 
1,700(S) | 2,600(S) | 14,500(S)| _N.A. N.A power of 65 b.h.p. 


~ [b., | s > Ihr. (M), medium supercharger speed; N.A., not available; (P), with propeller and exhaust stubs; (S), fast supe r- 


Below, the Wright Turbo Compound 18-cylinder, two-row radial, 
delivers 3,400 b.h.p. for take-off. Right, from Spain comes 
the 500-b.h.p. E.N.M.A. Sirio seven-cylinder radial engine. 
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Propellents for Rocket Engines 


In a lecture to the Royal Society of Arts, on February 19, 
Mr. J. E. P. DUNNING, M.A., F.R.Ae.S., chief superintendent 
of the Rocket Propulsion Department of R.A.E. at Westcott, 
discussed in detail the basic principle of rocket propulsion. Here 
we summarize that section of his paper in which he dealt with 
the subject of propellents. 


AS must be accepted as the only acceptable form in which 

to utilize the rocket’s propellents and this gas is required at 
a high temperature and high pressure and should have a low 
motecular weight. Without more demur it must be said that, 
at least for the present, the only feasible way of creating this 
gas is by chemical reaction. The state of the propellents prior 
to the chemical reaction or combustion processes may be e:ther 
liquid or solid and the choice is dependent on the application to 
which the rocket is to be put. 

Cordite, a generic title for many present-day solid propellents, 
is basicaliy a mixture of nitro-cellulose and nitro-glycerine, but 
other ingredients may be incorporated to impart special charac- 
teristics and, in particular, to give specific rates of burning. The 
elementary constituents of this mixture are carbon, hydrogen, 
nitrogen and oxygen. Cordite, as do all solid propellents, burns 
on its exposed surface, evolving gas and continuously revealing 
a new surface throughout the burning process. : 

The rate at which gas is evolved is dependent on the propel- 
lent composition, the exposed surface area and the pressure at 
which burning occurs. For a given composition the rocket 
designer is free to choose the surface area and, within limits, 
the burning pressure. It is necessary to say “ within limits” 
because all solid propellents are subject to a pressure limit 
below which they will not sustain combustion and also because 
the burning rate is dependent upon pressure. 

Generally: Burning rate is proportional to (Pressure)" and in 
some cases “n” itself may be pressure dependent. In practice 
““n” is never allowed to exceed 0.8. If “n” is unity, burning 
will be unstable and the propellent will act as an explosive. 

Because burning is a superficial process the designer must 
ensure that throughout the process the requisite area is exposed. 
Constant thrust is a normal requirement and, therefore, constant 
surface area is usually demanded. For what we term a “ cigar- 
ette burning” charge this requirement is easy to meet, but for 
charges which have a central conduit and burn radially outwards 
no simple form will do. In essence, the developed surfaces of 
the conduit must resemble a corrugated sheet, the convolutions 
of which are formed by semi-circular arcs. The convex and 
concave surfaces need not necessarily be of the same radius. 

Returning now to the liauid propellents, it is necessary to say 
that the chemical reaction is normally created by the intimate 
mixing within the combustion chamber of two liquids, one the 
“fuel” and the other the “ oxidant” (in the case of the solid 
propellent the mixing of the fuel and oxidant is made in the 
manufacturing process, but chemical reaction does not take 
place until heat is applied). The table below gives 12 possible 
combinations of liauid fuel and oxidant, together with the 
significant data on the combustion products. 

In this table the propeilent combinations marked with an 
asterisk are those already reduced to standard rocket practice 


Srecific Thrust 


Tot Ip Ib./Ib./sec. 
Fuel Oxidiser Mt yt 

K at at 
500 1,C00 
p.s.i.a. | p.s.ia 

Gascline* Hydroger Peroxide 2.680 21 1.2) 248 273 
Hydrazine Hydrogen Peroxide 2,610 19 1.22 262 228 
Gasoline Nitric Acid 2,860 25 1.23 240 255 
Aniline Nitric Acid 2,830 —_ —_ 235 258 
Ammonia Nitric Acid 2,350 21 1.24 237 261 
Alcohol * Oxygen 3,090 22 1.22 29 285 
Gasoline* Oxygen 3,210 2 1.24 254 290 
Hydrazine Oxygen 2,980 18 1.25 280 308 
Hydrogen Oxygen 2.510 9.0 1.26 364 400 
Ammona Fluorire 4,010 19 1.33 306 337 
Hydraz.ne Fluorine 44'0 19 1.33 316 348 
Hydrogen Fluorine 2,830 89 1.33 373 410 


¢t Ac 500 p.s.i.a. y is the ratio of the specific heats. 


in this country and in the U.S.A. It may be mentioned that 
the propellents such as oxygen, hydrogen and fluorine are 
considered to be supplied to the rocket engine in liquid form. 
The Germans used alcohol-oxygen in the V.2, but they did not 
realize the specific thrusts quoted above. The operating com- 
bustion chamber pressure was only 220 p.s.i. absolute and the 
alcohol was diluted with water 75/25 to reduce the combustion 
temperature to a vaiue acceptabie to the materials used. The 
V.2 engine developed 56,000 Ib. thrust at sea level and the 
specific thrust was about 203 Ib./Ib./sec. 

There are many possible propellent combinations in addition 
to those listed above, but it will be seen that the ratio of those 
reduced to standard practice (four) to the 12 listed reveals that 
the engineers have plenty to be getting on with before the 
chemists suggest any more. 

By their nature, oxidizers must possess objectionable charac- 
teristics. They have to react readily and energetically with the 
fuel, and as they are not endowed with powers of discrimination 
they react with many other substances as well. 

There is a limited choice of materials compatible with nitric 
acid and for constructional purposes we are virtually restricted 
to zinc free aluminium alloys and certain grades of stainless steel. 

Hydrogen peroxide, which is used in the concentration of 
80-90%. is also highty selective in its range of compatible 
materials. Copper, lead, zinc afd carbon act as catalysts, 
accelerating the decomposition of the peroxide into steam and 
only 99.9% pure aluminium and some grades of stainless steei 
are suitable for long-life contact. 

Liquid oxygen must be stored at temperatures below 
— 183° C. and this itself creates a materials probiem. At this 
temperature most organic materials are extremely brittle and 
have greatly reduced ductility and impact strength. Undressed 
chamois leather does retain some flexibility at the temperature 
of liquid oxygen, but Allen, the chief engineer of the Armstrong 
Siddeley Motors Rocket Division, once remarked when faced 
with a requirement to make a flexible bag tank * unless someone 
can breed goats bigger than elephants, they are not much use 
to me.” Fluorine, the last of the oxidizers listed, has particularly 
strong toxic properties and the utmost care is needed in its use. 
Incidentally, the classification of fluorine as an oxidizer is merely 
for want of a comprehensive term to describe all the chemical 
reactions which occur within a rocket engine combustion 
chamber. 

What has been said already shows that the expert services of 
the chemist and the metallurgist are required, but this is not ail. 
If we look once more at the rocket engine of the V.2 missile, 
but as a sop to our vanity consider it somewhat improved, we 
shall have an engine developing, say, 60,000 lb. of thrust and 
weighing 1,250 lb. We may assume a spec:fic thrust of 250 
lb./Ib./sec. and a combustion chamber pressure of 500 p.s.i. 
The rate of propellent flow will be.240 ib. per second, which is 
about 24 gallons per second. In our rocket combust:on chamber 
the two propellents are injected, atomized, vaporized and react 
w:th each other to form a gas at the rate of 240 lb. per second 
at a pressure of 500 p.s.i. and a temperature of around 3000° K. 

To add some verisimilitude to these figures it is worthwhile to 
examine what power this rocket will develop in its flight if we 
assume that it propels a vehicie having a mass ratio of the 
original V.2, which was 3.24. Just before the propellents are 
exhausted and thrust ceases the missile will have acquired a 
velocity of 9,370 ft. per sec. and the rocket will be developing 
just over one million horsepower. If we regard our rocket 
merely as a source of heat—an oil-fired furnace—then the inten- 
sity of combustion is of the order of 100 mitlion C.H.U./cu. ft./ 
hour/atmosphere. Whittle’s first gas turbine combust:on 
chamber was rated at about one million C.H.U./cu. ft./hour/ 
atmosphere. 
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Jet Aircraft Noise and the By-pass Engine 


by H. B. Irving, B.Sc., F.R.Ae.S.* 


HILE over the past few years a considerable effort has been 

put into research on, and development of, methods of 
aircraft noise suppression, I think it is true that at the present 
time the amount of practical progress that has been made is 
small compared with what is necessary and/or desirable, and 
that no one is by any means sanguine about the future. From 
discussions with Americans over here recently, and from other 
information from the U.S.A., I think the above statement 
applies to the Americans as well as ourselves. There is a 
general feeling that what is wanted is a new “ break-through,” 
as the Americans call it, if we are to make substantial further 
progress in aircraft noise suppression. 

This situation, to my mind, constitutes a challenge which 
should make us redouble our efforts to solve a problem to 
which no one at present sees the answer, and to achieve what at 
the moment seems well nigh impossible. I deplore the defeatist 
attitude of some who say in effect: “The supersonic aircraft 
is just round the corner; it will undoubtedly be very noisy and 
there is nothing you can do about it. Even if you succeed in 
silencing the high-subsonic-speed aircraft there will be all the 
more fuss made by the public when it is superseded by the 
supersonic aircraft. Why worry, anyway; the public will get 
used to the noise as they do to anything.” 

The supersonic aircraft is not likely to be with us for a good 
many years yet, and even when it comes it will take many 
further years for such aircraft to constitute a substantial pro- 
portion of all the civil aircraft fleets—consider how small is 
the present proportion of jets, or even turboprops, in civil 
aviation. No, we shall have the high-subsonic civil jet aircraft 
with us for many years and it behoves us to do what we can to 
make its noise neither a nuisance to the public nor a danger to 
the integrity of its own structure. 

In a recent article in The Times (October 4, 1957) a Special 
Correspondent, while dealing mainly with industrial noise and 
the means for iis mitigation, drew attention to the possibilities 
of the by-pass engine in connection with aircraft noise suppres- 
sion. The article pointed to the possibility that the development 
of the by-pass engine with considerably greater by-pass ratios 
than hitherto could lead to noise reductions of the order of 
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Fig. 1.—Engine types compared. 


15 decibels without loss of aircraft performance—at any rate 
for a long-range civil aircraft of high subsonic speed. It was 
accordingly with special interest and expectation that I attended 
the R.Ae.S. Section Lecture given on December 17 last by 
Dr. S. G. Hooker, of Bristol Aero Engines, on “ Comparison of 
Ducted Fan, By-pass and Straight Jet Engines.” 

To a certain extent Dr. Hooker’s fascinating lecture might be 
regarded as a debunking of the by-pass and ducted-fan engines. 
At any rate it cut through the loose statements and extravagant 
claims which have sometimes been made in their favour, getting 
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Fig. 2.—A comparison of by-pass and straight-jet engines, 
at 500 knots in the stratosphere ; compressor temperature 
rise, 350°C. 


down to the basic theory and possible practical characteristics 
of the different types. It is very much to be hoped that the 
lecture will in due course be published; in the meantime I 
should like to make some remarks on its implications so far as 
jet noise is concerned. 

The conclusion to be drawn from the lecture is, broadly, that 
the possibilities of large by-pass ratios are well worth investi- 
gating further in connection with noise suppression, but that 
there is probably not much to be gained from low by-pass 
ratios. Such work may lead to worth-while noise reduction in 
some cases—particularly long-range subsonic civil aircraft— 
without necessarily entailing an overall loss in performance. 
In other cases some slight loss in performance might be justified 
by the noise reduction obtained—as, indeed, appears to be the 
case with current noise-suppressing nozzles, which are, however, 
very limited in the extent of the noise suppression they can 
achieve, some 5-7 decibels. 

It should be explained here that by “ large ” by-pass ratios is 
meant those well over 1.0 and going up to at least 2.0. (A ratio 
of 1.0 implies that there is as much air going through the 
by-pass as through the combustion chambers; the by-pass ratio 
of the Conway, the only existing by-pass engine, is about 0.6 
reckoned in this way.) Not until well beyond unity is there any 
appreciable advantage of the by-pass engine as regards noise- 
ie., for engines of a given duty. 

Dr. Hooker began his lecture by pointing out that all 
gas-turbine engines can have the same main gas-generator cycle 


* Lately, Consultant to Director of Aircraft. Research and Development, 
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(Fig. 1). Assuming no component losses and constant specific 
heat with temperature change:— 

(1) Thermal efficiency is independent of turbine entry tem- 
perature; and (2) propulsive efficiency depends only on specific 
thrust, i.e., thrust per unit rate by weight of air flow through 
the engine. 

It follows from ‘this that, at the same specific thrust, by-pass 
engines, ducted fans and straight jets all have the same specific 
fuel consumption. They have, in fact, equal performances in 
all respects—and this includes the production of noise, assuming 
thorough mixing (without loss) of the by-pass or ducted air with 
the hot jet. 

In practice, of course, all the above is modified by various 
factors; there are component losses, specific heat is not constant 
with temperature, and there are also losses incurred in the 
propulsive mechanism, i.e., in the fan turbine, by-pass compres- 
sor and final nozzles. These propulsive mechanism losses 
become an increasingly important. adverse factor as by-pass 
ratio increases. It should be noted, however, that for engines 
of equivalent capacity the by-pass and ducted-fan engines are 
inevitably hotter than the straight jet for obvious reasons, a 
fact which improves their thermal efficiency. 

Taking the various factors into account, Dr. Hooker makes 
the comparison of by-pass and straight jet engine given in Fig. 2 
for an aircraft forward speed of 500 knots in the stratosphere. 
Here he starts with a straight jet engine having a specific thrust 
of about 65 lb./lb. air mass flow. He adopts a turbine inlet 
temperature (T.E.T.) of 1,300° K. as being representative of 
current practice and proceeds to different by-pass ratios, keeping 
T.E.T. constant. 

In doing this specific thrust and specific fuel consumption 
fall in the manner indicated by the full-line curve. The dotted 
curve similarly gives the variation of specific fuel consumption 
with specific thrust for the straight jet as the T.E.T. is reduced. 

It will be seen from the curves that for moderate by-pass 
ratios the specific fuel consumption is higher than that for the 
straight jet with reduced T.E.T.; the crossover point of the 
curves does not occur until a by-pass ratio of about 1.2 is 
reached, and at a ratio of 2.0 the by-pass has a substantial 
advantage over the straight jet as regards fuel consumption. 

A simple figure like Fig. 2 does not, of course, tell the whole 
story, and rigid comparisons cannot be made from it. For 
example, if we take a by-pass ratio of 0.6 (i.c., about that of 
the Conway), at the same specific fuel consumption, the 
corresponding straight jet, with its greater specific thrust, would 
be the smaller engine for the same thrust. Both engines would, 
however, be larger (again for given thrust) than the straight jet 
of 1,300° K. with which we started. 

These and many other factors enter into any valid compari- 
sons of straight jet and by-pass engines. In the cases of both 
the 0.6 by-pass ratio engine and the reduced temperature 
straight jet there might be some slight advantage over the high- 
temperature jet, but I do not think that anyone now argues that 
in either case the advantage is substantial for comparisons made 
on the basis of the same effective thrust. 

If now one considers comparisons of straight jets with engines 
having large by-pass ratios of, say, 1.5 to 2.0 where the 
advantage of the by-pass as regards fuel consumption is appre- 
ciable, any comparison based on Fig. 2 becomes unrealistic. 
This is not only because of the big differences in the size of 
engines of the same thrust but because, to be fair, each type of 
engine should have its characteristics chosen to show it up to 
the best advantage. Further, in specifying the same thrust 
account should be taken of varying nacelle drag with engine 
size. 

This is done in Fig. 3, where also the maximum cycle tem- 
perature and fan temperature rise were chosen to give optimum 
specific fuel consumption. Specific fuel consumption is then 
plotted against by-pass ratio for the three flight Mach numbers 
(I.S.A.C.; Tropopause) 0.88, 1.2 and 1.5. The s.f.c. is now, 
however, based on the thrust minus the nacelle drag. 

Considering first the curve for a Mach number of 0.88 it is 
seen that, even allowing for increased nacelle size and drag, 
as the by-pass ratio increases the specific fuel consumption 
falls. It is not a very big fall—from about 0.90 for the straight 
jet to about 0.85 for by-pass ratio 2.0—and the curve seems to 
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Fig. 3.—Ducted-fan performance. Max. cycle temperature and 
fan temperature rise chosen to give optimum specific fuel 
consumption. |.S.A.C., Tropopause. 


have reached a minimum at this latter figure; even so, it augurs 
well for the by-pass engine as a ratio of 2.0 goes with a noise 
reduction of the order of some 15 decibels, as compared with 
the straight jet engine. For the subsonic case it would appear 
from the curve, then, that a substantial reduction of noise is 
possible without any loss, or even with some slight gain, in 
performance. 

There thus appears to be a strong a priori case for at any 
rate further investigating the engine of large by-pass ratio from 
the point of view of noise, performance, reliability, etc. To do 
this, taking all possible factors into consideration, is a big job. 
What is, in fact, needed is a design study of a large by-pass 
ratio engine having in mind a particular type of civil aircraft 
for its application. It may be that when all things have been 
considered the answer will not be as good as at present it looks 
it should be—there is, for example, the effect of increasing 
weight of nacelle with increasing size of engine as by-pass ratio 
increases, which has, I believe, not been taken into account in 
the calculations leading to Fig. 3, but which will probably not 
greatly affect the result. 

In a case of this kind the answer is bound to depend to some 
extent on who does the design study; solutions are possible 
along somewhat different lines, the exploration of each of 
which requires much labour. At the present time, when the 
emphasis in the aircraft industry is passing from military to 
civil aircraft, and when international competition is so fierce, 
we ought surely not to neglect what looks like a promising line 
of development. To foster it, design studies should be 
encouraged by the Government and contracts given for such 
work to a few firms, thus helping in keeping design staffs 
usefully employed in the present difficult interregnum period. 

A decision to go ahead with actual manufacture and develop- 
ment work could be made later, depending on the results of 
the design studies. 

The overall cost would be great—assuming a decision to go 
ahead with development work—running into 10 or more millions 
of pounds, but so would the possible rewards in the export 
market, not to mention our own peace and quiet. To my mind 
there is no doubt of the future need for much greater noise 
suppression than we are now capable of, using special forms of 
nozzle such as the corrugated or multi-jet type. These, as 
previously stated, should give us some 5-7 decibels with little or 
no aircraft performance penalty; they might, perhaps, be 
developed to give us, say, some 10 decibels reduction. 

Beyond that, failing the “ break-through” in our knowledge 
mentioned earlier, I do not see how we are to progress. If it 
be conceded, as I think it would by most people who have 
thought about the matter, that we are in need, for the future, 
of something like 30 or more decibels reduction of noise, then 
it is imperative that we explore what looks like a promising Jine 
of progress. 
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Rocket Propulsion at Cranfield 


} yee a rapidly growing proportion of powerplant technology 
being represented by various forms of rocket propulsion, 
it is not surprising that this subject is to be found on the syllabus 
among the courses of study that are offered by the College of 
Aeronautics at Cranfield. Indeed, one finds in the Department 
of Aircraft Propulsion there that those students who specialize 
in this particular branch of aeronautical engineering are well 
catered for when it comes to rocket propulsion. Our purpose 
here is to describe in some detail the College’s rocket activities 
and the facilities available at Cranfield for this work. It is, of 


This little liquid- 
propellent rocket 
is used for demon- 
stration and_ is 
being developed as 
a propellent 
research rig. It 
delivers a thrust of 
10 Ib. 


Photographs copyright 
“The Aeroplane” 


course, only a small part of the total work of the Department 
(which was described at length in THE AEROPLANE for January 2, 
1953) but, nevertheless, it is forming an increasingly important 
part of the syllabus. 

Here, perhaps, it should be explained that Cranfield students 
are expected to specialize in a particular subject of their own 
choosing and take a general course in the subjects in which 
they are not specializing. In point of fact, first-year students 
do specialist courses in two subjects and only in their second 
year at the College do students spend the major part of their 
time in the Department associated with the first of these 
subjects—which was selected as their main specialization. 

Thus all students pass through the Department of Aircraft 


Propulsion and as a matter of course learn something about 
rocket propulsion, as part of the general syllabus. Similarly, 
those students who are specializing in propulsion in their second 
year do so in the whole field of propulsion and do not concen- 
trate only on the rocket side of the business. In the second 
year these students must produce a thesis on one of a selected 
list of subjects, and they must also form part of a design team 
working on a project. 

In point of fact, this year, because of the large number of 
students (28) who have chosen to specialize in propulsion, two 
project designs have been started. And, significantly enough, 
both of these are in the rocket category—the first being a liquid 
oxygen/kerosene rocket engine and the second a turbo-rocket 
powerplant. 

For the first project, the specification calls for a 40,000-lb.- 
thrust engine “to propel the third, and final, stage of a 
long-range (intercontinental) ballistic missile through a velocity 
increment of 1.5 miles/sec. The engine must be capable of 
ignition at altitudes in excess of 100,000 ft. with the vehicle in 
an approximately horizontal attitude. The thrust line is to be 
controllable relative to the axis of the vehicle.” 

As a first step in the project design a preliminary rough 
estimate has had to be made by the students of the relative 
importance of engine and vehicle performance variables. For 
this purpose the following “standard data” have been laid 
down: Engine specific impulse, 275 Ib. sec./lb.; engine 
thrust/mass ratio, 40 1b./lb.; vehicle structure mass/initial loaded 
mass, 1/15; and initial acceleration 2g. 

The second project is, perhaps, the more interesting as it 
covers a new type of power unit which, as its name implies, is 
in effect a combination of gas turbine and rocket engine. As 
such it offers a useful compromise which holds a great deal of 
promise as a means of obtaining the best of both powerplant 
worlds—making use of the rocket’s characteristic increase of 
thrust with altitude to counterbalance the gas turbine’s decrease 
in thrust with height. The turbo-rocket engine is essentially a 
compressor driven by a turbine energized by the products of 
decomposition of propellents, rocket fashion, and a fuel-injection 
exhaust combustion system, akin to normal gas-turbine 
afterburning. 

The Course project specification calls for a turbo-rocket 
engine to give a thrust of 5,000 Ib. at a flight Mach number of 
3.5 at an altitude of 70,000 ft. The engine, it says, is to be 


Two views of the full-scale rocket test-bed at Cranfield which 
is used for demonstration and research with a modified 
Napier NRE-11 HTP/kerosene rocket engine. 
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Experiments with ducted rockets figure in the College’s syllabus. 
These are done on this rig with a 160-Ib.-s.t. unit. 


Photograph copyright 


stressed to withstand flight Mach numbers varying linearly from 
1.0 at sea level to 3.5 at 75,000 ft. The initial design is to use 
high-test hydrogen peroxide and kerosene as propellents, but 
others may be investigated at a later stage. Provision has to 
be made in the design for operation of the unit as a ramjet 
with the compressor windmilling. 

As we said earlier, the students specializing in propulsion 
have to produce a thesis. It is a rule that no two students 
cover the same thesis subjects, so that in order to give each the 
choice of at least two this has meant that a list of some 60 
appropriate subjects has had to be made. In the current 
academic year about eight of the subjects on this list were under 
the general heading of rocket propulsion, and five students— 
that is to say about 18% of the total propulsion 
specialists—have, in fact, chosen to write a rocket thesis. It is 
interesting to note that the subjects selected—rocket instrumen- 
tation, the effect of variation of injectors and catalysts, ducted 
rockets, combustion-chamber internal-flow determination, the 
hydrogen/oxygen combustion process and its use for propellents 
—are all practical subjects. 
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This, perhaps, reflects the importance that is placed, during 
the Course, on practical research work. While the main part 
of this research is associated with students’ theses, it is 
nonetheless valuable as a contribution to the overall store of 
knowledge on rocket powerplants. Much of it is into funda- 
nental aspects of the problems concerned and in many cases, 
while what is being investigated is not new in itself, the methods 
of investigation are new—which alone serves a most useful 
wider purpose than to give the student research experience. 
Other rocket research work at Cranfield, such as that into 
turbo-rocket units, is associated with new developments and is, 
therefore, breaking new ground in subjects on which little 
information is as yet available. 

Long-term research also figures largely in the College’s overall 
contribution. In rocket propulsion this is taking the form of a 
detailed investigation into scale effect on combustion-chamber 
performance. This is a complex subject and the work may take 
many years to complete. But if, as a result, it becomes possible 
to establish a method whereby a large combustion chamber can 
be designed on the basis of the known characteristics of a small 
one—without the need to take into account any of the 
problematical “ unknowns” and assumptions that have to be 
made at the present stage of the art of rocket combustion- 
chamber design—this effort will have paid a tremendous 
dividend. 

At Cranfield the combustion-chamber research is being done 
on the College’s full-scale rocket engine test-bed, which has been 
designed to take liquid-propellent units of up to 3,000 Ib. thrust. 
In addition to its research uses, the test-bed is also employed for 
the demonstration of rocket handling and experimental tech- 
niques. It has been designed so that a number of different 
propellent combinations can be used with a minimum of 
alteration. For this, six tanks have been provided—for such 
propellents as kerosene, petrol and Diesel oil, and oxidants 
such as high-test peroxide, liquid oxygen and nitric acid. Above 
this test-bed is a 10,000-gal. water tank for washing the firing-bay 
floor to prevent contamination from spills and overflows, and 
for flooding the bay in an emergency. 

Nitrogen is used to pressurize the oxidant and propellent 
tanks, and also as a medium for purging the systems as a 
precaution against dangerous contamination when different 
fuels are used. The nitrogen is stored in normal bottles at 
3,600 p.s.i. and reduced to a controlléd intermediate pressure 
of 1,200 p.s.i. before being fed through separate controllable 
reducing valves to the propellent and oxidant systems. 

In the control room the usual display of slow-response-rate 
gauges cover thrust and sundry temperatures, and pressures 
can be photographically recorded for subsequent analysis by 
the students. There is also available a six-channel cathode-ray 
tube recording van, from which the more important and 
transient test phenomena from the various transducers and 
flowmeters can be recorded photographically. 

As the control room is, of necessity, somewhat small, visual 
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Cranfield’s 10-Ilb. rocket motor 
was originally designed for use 
with gaseous oxygen and methy! 
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observation of the rocket motor under test is difficult for more 
than a very small group of students. To cater for this important 
aspect of the practical test-bed instrumentation, then, a remote 
observation trench has been provided with room for 15 to 20 
observers, who can watch the motor in the firing bay through 
a number of large mirrors. This trench and the main control 
room are fully protected by reinforced-concrete walls and 
anti-fragmentation roofs. 

At the present time a modified Napier NRE.11 HTP/kerosene 
rocket engine is installed for both demonstration and test 
purposes. It develops a thrust of about 2,000 Ib. 

The combustion chamber, which is cooled from the nozzle 
throat forward to the injector head, is 7 in. in diameter and 
5-10 in. long. Combustion pressure used during demonstration 
runs is 250-p.s.i. gauge. High-test peroxide is fed to the front 
of a solid-catalyst pack and passes into the combustion chamber 
as oxygen-rich steam at about 500° C.; kerosene injection is by 
plain-hole, non-impinging jets. In the nozzle the throat diameter 
is 2.9 in. and the exit diameter 5.5 in., with an expansion 
half-angle of 15°. 

This rocket unit is of particular value for research because 
its combustion chamber has a parallel centre body which can, 
therefore, readily be modified to investigate the effects of 
chamber geometry. Current work in this direction is restricted 
to changes in length from an L* of 25 in. up to an L+ of 
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The apparatus used in the solid-charge burning experiments. 


100 (L* being the rocket engineer’s parameter denoting the 
ratio of the combustion-chamber volume to the throat area) 

Other research work done with the Napier rocket is an investi- 
gation of the effect on performance of various cooling systems— 
for example, a comparison between water cooling and HTP 
regenerative cooling. It is also used in experiments to 
determine the effects of injector efficiency on performance and 
L* requirements. 

An Armstrong Siddeley Snarler liquid oxygen/alcoho! rocket 
engine is also available at Cranfield for research and demonstra- 
tion. This unit can be used for additional fundamental work 
on other propellent combinations. 

Another rocket test facility on the Cranfield test-bed site is 
a 160-lb.-thrust bi-propellent unit with a water-cooled gaseous- 
oxygen/methanol combustion chamber. This unit was originally 
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Recorded results cf an experiment to determine the rate of 
burning of a solid propellent. 


developed in the Department of Aircraft Propulsion as part of 
the College’s research programme on ducted rockets, which 
will be discussed later. It is at present being used for research 
into the techniques of combustion analysis. The intention is to 
develop probes to measure temperature, velocity and gas 
composition, and also to investigate the use of diaphragms to 
obtain flow patterns within the chamber. 

Generally speaking, the chamber is in the nature of a “ hack ~ 
unit for demonstration and for trying out techniques which can 
later be applied to “hotter” engines. It has a diameter of 
2.75 in. and a length of 6 in. Although the design combustion 
pressure is 300 p.s.i., this pressure is not normally used for 
demonstration, simply in order to prolong the life of the 
chamber. The injector head is of copper and is fuel-cooled; it 
has a plane end face with a multiple-hole impinging-jet 
arrangement. The nozzle throat diameter is 0.562 in., the exit 
diameter 1.5 in. and the expansion half-angle 5°; L* is 150 in. 

Undiluted methanol is the main fuel and comes from a 
nitrogen-pressurized tank. The test-bed used in conjunction 
with this combustion chamber also has a separate pumped- 
kerosene fuel system for hot duct combustions studies. Gaseous 
oxygen is stored in the usual way in high-pressure bottles and 
supplied to the system via a reducing valve. Both the combus- 
tion chamber and the nozzle are water cooled; for this a 
boosting system is used to give a pressure of around SO p.s.i. 

As we have said, the 160-lb. unit was originally part of a 
ducted rocket research programme which itself had sprung 
from earlier work done at the College on straight augmentation 
of rocket thrust. Subsequent effort in this direction took the 
form of theoretical studies and practical work together, first of 
all, as an investigation into the best methods of attaining 
secondary fuel injection. For this the methods used have 
included :— 

(a) Running the rocket in a very fuel-rich condition. This. 
however, has its disadvantages, for not only is the fuel 


i 


-— - poe oe at, ot ae 


=e —e a et Sa a ais) 8 any fa <a 3 
F “i Po : ed bg 3 ony I 
ae 
ee 
Be, . FE 
Ae eS ee 
a i 
Cee 
= | Pe 
ee 
a 
a a 
Sh : . the 
* L* | 
oe — > nod 
a4 ZZ ee “Se eseee PZ ible 
cs od , tat f Rccsnaceeaneansesees es Kar L~ “a 
: Cn SS ee 25 a 
ah i ai go" 
caiial — ——___. .__-__. ee pet 
om i  ,, COMBUSTION CHAMBER a | 
em a ennai Swe se 
e : 
a ry iT 4 Z iy —-—2o es oe me Ga pre 
ae g bli 
oo fre 
we PC 
Sua hee de 
Bit: th 
aes 
abe 10 
re ox 
ae: 2X 
rite e 
“ee sil 
ae pe 
4 Si : 
z are lit 
>. re 
oe : 
Soe: Tae 
ie 
Bey ~ 
ga 1 
aia cl 
"es P 
4 it 
r “a J - Vv 
d 
= 1 . 
‘eg IGNITION || _ 4° P-S-! 
pee 
> Ye YT vid eqs 
rea as & I 
a 
ea 
- Ey oe * Beak 
aoe a ee . ee me 
ae > oe . ‘ oe | 
: 3. -. - =< # oy : 7 7 be 
ae — <. ‘ ee. 
“" 236647 wast 
= ts ae BS . be we >. ; ~ 
oe a. Age : ' a: : & at \ 
a 3 * _ : , C Ps ; = ; s 
— = pas i, -. ‘ y | 
Peer c SF & + .° a 
Beak’. % | ee eat 8 - x . @ | 
; hone ia ee rage a ey 
ea ke « PS ian ~ if i : 
= a — . ) sae: ed Wes. a 
i . . . in ie “| : ~ 4 
a , aa * iia = - 
ull ‘ : Sa. “4 em 
| . foe 
=a ¢ : me 
a ; we 
Bo . « 31% F 7 » Se si 
ee ae ; ms — as 
fee ae et ; — 
a “ es - 3 é 
“ane — — ee = 
ee: a, ae Je: =. 4 G iets, - _— 
aad a - ee 
Bs Si ae 
ne Se « TS 
Ses ee : , aa Et aa i aa - _ 
. aw ~ — |’ [aan So Sseom 
Se) ot adh a Ze bk ce SStaee, 
2 - =x Pe aon ne SS Pree doe SS * Sasa oe ee 
ai a RE ELIE LE CR PESTS 
3 ee 
ae 
2 : . fe oe a A et ae ‘s > 
ha; vie a a ae a - es 2), Re: 
ae Pech ee 2 meee fy os ae 4 a. Fy: 
: aa as oF saad q a “ 
ie ay aye ee eines 


FEBRUARY 21, 


Powerplant Review ... . 


1958 265 


THE AEROPLANE 


equirement large, but alse the combustion temperature falls to 
too low a value; moreover, the rocket would be operating near 
the solid-carbon boundary. 

(b) Using the fuel as nozzle coolant and injecting it at the 
nozzle throat. This method was found to be somewhat inflex- 
ible because the secondary fuel flow was used for starting and 
the minimum quantities of fuel that could be injected were 
governed by the cooling requirement rather than by the duct 
performance. 

(c) The third method to be investigated was the injection of 
secondary fuel outside the rocket. This is normal ramjet 
practice, but in the case of the ducted rocket has certain advan- 
tages. To begin with, compared with the ramjet there is no 
blow-off problem, and the ducted rocket will produce thrust 
from very small secondary fuel flows. Moreover, it can be 
designed for lower pressure drops than the ramjet and therefore 
there is no need to have the complications of a flame holder. 

Smallest of the experimental rocket facilities at Cranfield is a 
10-lb.-thrust unit, which was originally designed for gaseous 
oxygen and methyl alcohol and used in conjunction with 
experimental work on thrust augmentation using a duct. It has 
since been used for demonstration of the variation of rocket 
performance with mixture ratio and combustion pressure. This 
little 10-lb. rocket is now being developed as a propellent 
research rig and at the moment is being run on gaseous hydrogen 
and oxygen. 

Features of this unit—all the components of which are 
machined from a stainless steel—include a combustion chamber, 
1.09 in. in diameter and 2.74 in. in length, which has a design 
combustion pressure of 350 p.s.i. The fuel is injected through 
plain holes directed to the centre of the chamber; the oxygen 
injection is a non-impinging system into the precombustion 
volume. The throat diameter is a mere 0.162 in., the exit 
diameter 0.343 in. and the expansion half-angle 5°; L* for the 
unit is 125 in. 

A comparatively recent addition to the College’s curriculum 
is a separate course on guided weapons for specially selected 
students from NATO countries (described in detail in 
THe AEROPLANE for October 25, 1957). During the year that 
these students spend at Cranfield in covering all aspects of 
guided-weapon technology they devote a reasonable proportion 
of their time to propulsion problems. In this the accent is, of 
course, on rocket and ramjet units, and the students are given 
two specialist lectures and one general one in the Department 
of Aircraft Propulsion each week—as well as a series of 
demonstrations of rocket and ramjet units. 

As in the case of the normal College post-graduate courses, 
each NATO course also works on a project design. Last year 
this was an integrated missile/guidance/motor, but this year the 
course will do separate projects—the rocket motor being a 
solid-propellent unit. 
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A typical test result from work on the 160 Ib. s.t. rocket 
using gaseous oxygen and alcohol. The C* shown is for a 
combustion chamber pressure of 100 p.s.i. 


In this connection, it is interesting to note two examples of 
the experimental work done by the NATO Course on solid 
propellents. The first is an experiment to determine the burning 
rate of solid propellent strands under easily repeatable test 
conditions. These strands may be made to any standardized 
diameter—they are usually about } in. diameter and several 
inches long. Combustion is prevented from occurring on the 
sides of the strand by coating it with a suitable inhibitor so 
that, during the test, burning takes place only from one end 
(this is usually called cigarette burning). 

Apparatus for this experiment comprises a container which 
may be pressurized to any required pressure with inert gas. 
The strand, with a glow wire wrapped round the free end to 
act as an igniter, is hung within the container. Above the 
igniter wire are wrapped two fuse wires, at a precise distance 
apart, which melt and break circuits as the combustion reaches 
them. After raising the pressure in the apparatus to the 
required value, a thrown switch initiates combustion. The 
failure of the first fuse wire starts a clock, which is subsequently 
stopped by the failure of the second fuse. By this means the 
burning time for the known standard length, and the pressure, 
is obtained. 

This “ strand-burner ” experiment gives very useful results so 
far as general propellent behaviour is concerned. It is not, 
however, possible to apply the information so obtained directly 
to full scale. 

The second experiment is to determine the actual burning rate 
at any point on the free surface of a propellent charge at a 
constant combustion-chamber pressure. For this, the propellent 
charge is of tubular form (some 6 in. long by 24 in. outside 
diameter and 4+ in. inside diameter) and combustion occurs on 
both inner and outer surfaces of the tube. As the total burning 
surface area remains constant, the rate of production of gas by 
the combustion process is constant. This also ensures that 
combustion pressure likewise remains constant. 

The experimental apparatus is really a miniature combustion 
chamber. The actual value of combustion pressure produced 
by a given propellent mixture will depend on the nozzle throat 
area. The apparatus has been made so that nozzles can easily 
be changed between experiments. 

Experimental results are recorded on film, only combustion 
pressure and a time base being required to complete the picture. 
In the accompanying figure the time base for the test concerned 
is 0.02 sec. (50 cycles). 

From the measured burning line, the burning rate is given by: 
4+ thickness of propellent/burning time. For the experiment 
illustrated this will be 4 (14—4)/0.648=0.77 in./sec. at 900 p.s.i. 
combustion pressure. 

This experiment gives results that are much more nearly true 
for full-scale use because a certain amount of “ erosive 
burning ” occurs due to gas scrubbing. Fairly accurate full- 
scale assessment is therefore possible from the results obtained 
from this sort of experiment. 

To complete the picture of rocket affairs at Cranfield 
mention should be made of a series of four-day courses arranged 
by the College for members of the R.A.F. College, Henlow, 
where the Service’s guided weapons courses are given. These 
short courses at Cranfield cover such subjects as experimental 
needs, the testing of rocket and ramjet powerplant, instrumenta- 
tion, safety precautions, and the differences between testing for 
research and production. Lectures are also given on combustion 
techniques and the analysis of combustion efficiency. These 
lecture sessions are supported by afternoon demonstration and 
experimental periods during which the R.A.F. students are given 
experience in handling the 160-lb. rocket described earlier and 
can watch the 2,000-Ib. unit being fired. 

From this brief account it will have been seen that rocketry 
is given its appropriate place in the teaching and research on 
aeronautical propulsion at Cranfield. The College staff reckon 
themselves to be fortunate in the quality and quantity of the 
equipment they have at their disposal in this field but, neverthe- 
less, they are well aware of the necessity for frequent additions 
and modifications to existing facilities in order to keep up to 
date in a ravidly developing subject. In this conrection the 
College receives some very useful help from the industry and 
this is much appreciated. 
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|* August of last year John Curran, Ltd., of Cardiff, completed 
the installation of their first Type T.Mk.2 engine bench at 
the works of Rotol, Ltd., Gloucester, for experimental and 
development work on the Dart turboprop by Rolls-Royce, Ltd. 
This test facility is a redesigned model of Curran’s earlier 
T.Mk.1 torque-measuring test stand, which was first produced 
as a prototype in May, 1953, and is now in service for the 
overhaul testing of Dart engines with a number of overseas 
organizations. 

The Type T test bench was developed to meet the demand 

for accurately measuring the performance of new and recon- 
ditioned turboprops without the use of dynamometer test 
equipment, and ideally employs the powerplant’s standard 
flight propeller, or a similar “ slave” propeller, as the power- 
absorbing medium. Both models are based on a similar design 
principle in which the engine is mounted on a pivoted platform 
and the propeller torque is measured as a function of the 
reading of a Statimeter housed in the remote end of a reaction 
arm. 
Although designed specifically for testing the Dart series of 
engines, the Mk.2 test bench is being developed with the aid 
of adaptor sets to accommodate other turboprop powerplants 
such as the Rolls-Royce Tyne and the Bristol Proteus. It can 
be used to test engines up to 7,000 s.h.p., as opposed to 
2.500 s.h.p. with the Mk.! test bench, and permits the full 
range of power checks to be performed simultaneously with 
provision for adjusting and checking engine and propeller 
controls. 

As already mentioned, the test bench is based on the principai 
of torque reaction about the engine suspension system, and 
this is obtained by mounting the engine on a singlé beam which 
is fitted with two longitudinal hinges. These hinges, one at 
the front and the other at the back of the beam, have their 
axes mounted parallel and below the centre-line of the engine. 
At the front of the engine-mounting beam is a V-shaped frame 
which has its lower end fitted to the Statimeter attached to the 
test-bench structure. 

This torque arm connecting the engine-mounting beam to 
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Turboprop Test Facility 


the Statimeter, which is measuring a load in pounds, has a: 
approximate length of 63.025 in., which gives a bench constan 
‘actor in the basic equation 1/1000. The horse-power develope: 
by the engine is obtained from the propeller speed, and torqu 
reaction transmitted through the reaction arm, and can be 
expressed as:— 
s.h.p.=engine r.p.m. X propeller reduction-ratio X Statimeter 
reading/1000. 
This formula is corrected by a constant determined by th 


The engine controls and test instrumentation are housed in a 

control room overlooking the test bench. Top, the left and 

central consoles containing the electrical instruments covering 

engine control and measurement, and, bottom, the right panel 
fitted with the self-contained fuel control system. 


individual calibration of a bench on its particular site using 
an engine of known performance. 

The operating technique for the test bench is similar to that 
adopted for fan or club testing, the principal difference being 
in the use of the powerplant’s standard propeller, which permits 
the full performance range to te measured at the appropriate 
engine-speed settings. An essential requirement for the efficient 
measurement of engine torque is a uniform, eddy-free airstream 
forward of the propeller, so that the Type T test bench is not 
suitable for operation on an open site or in any enclosed 
building where incidental flow may arise from side air entry 
Silencing acoustic splitters can be provided if necessitated by 
local conditions. 

Constructional Features 

The main support frame of the test bench consists of a single 
fabricated unit of all-welded construction on which is mounted 
the pivot assembly and engine-mounting beam or frame. The 
height of this frame is selected so that the compleie bench can 
be installed in a test cell of 22-24 ft. cross-section, with a 
nominal engine-centre height of 11 ft. 6 in. To allow a high 
degree of flexibility in the design of attachments for both engine 
and auxiliary equipment the horizontal engine frame, which 


A front view of the test bench showing the triple safety-glass 
observation window of the control room in the right-hand wall. 
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is a rigid box section, has a large number of jig-drilled holes 
in its top machined face. 

A Curran flexure-type pivot is employed as the front or 
primary hinge of the engine-mounting frame suspension and 
the rear hinge consists of a resilient bush. The main purpose 
of this secondary pivot is to act as a steadying force to the 
primary hinge. Projecting below the forward end and integral 
with the mounting platform is the V-shaped frame holding the 
Statimeter pressure-transmitting unit. 

The Statimeter is fitted in a support housing incorporating 
a quick-acting locking sleeve which provides for easy separation 
of the torque-restraining member for the balancing of the 
loaded engine-mounting frame, and also for adjusting the 
amount of preload on the instrument. In addition, a locking 
unit is attached to the V-shaped frame to lock the engine frame 
if it is isolated from the Statimeter. 

To counterbalance any weight asymmetry in the engine 
installation an adjustable balance of weight is fitted across the 
engine-mounting platform. Operated by a rack-and-pinion 
drive, the lateral position of the weight is pre-set before the 
calibration of the Statimeter. 

Calibration of the Statimeter can be made either by means 
of dead-weights or by the use of a “proving” ring. The 
principal disadvantage of the first method lies in the total weight 
required to be manhandled by the operating personnel; approxi- 
mately 34 tons for an equivalent capacity of 7,000 s.h.p. The 
proving-ring system on the other hand is quicker and less 
fatiguing to the operators. 

At Rotols the Rolls-Royce test house is fitted with a ground 
duct for carrying engine controls, electrics and pipes to the test 
bench. From the ground these services are fed up to the engine- 
bulkhead adaptor plates by means of two fairings and a central 
duct attached to the front tubular legs of the main support 
frame. 

To meet the requirements for controlling the temperature 
oi the engine lubricating oil it is necessary either to heat or 
cool the liquid, depending upon the ambient air condition. For 
the Dart installation, and also the future Tyne test benches, 
a slave oi! system is provided as standard equipment. Heating 
is effected electrically by means of a water-cooled heat 
exchanger, a heater tank fitted with thermostatically controlled 
flameprooi immersion heaters and a self-cleaning oil filter. 

This system is arranged beneath the left-hand engine-access 
platform on the test bench, and is connected up to the engine 
oil system through an adaptor plate by the bulkhead. Cooling 
water is also brought up to the leg fairings of the main 
support frame. 

The Dart accessories gearbox is not fitted to the engine 
during tests on the nench, and to proof-load the accessories 
drive shaft a variable-load dynamometer of the fan-brake type 


A Rolls-Royce Dart powerplant 
installed in the Curran type T.Mk. 2 
test bench at the Gloucester works 
of Rotol, Ltd. The accessory gear- 
box is not fitted to the engine during 
tests and a dynamometer for proof 
loading the accessory drive shaft is 
mounted above the jet pipe. 


is employed. This unit can absorb up to 155 b.hp. at 
5,000 r.p.m., and with corrections for temperature and pressure 
is accurate to within 3-4%. The dynamometer is installed to 
the rear of the bulkhead plate and the unit includes two 
drive shafts and a reduction gearbox, the reduction take-off 
being required for driving the engine tachometer and test bed 
stroboscope and the engine tachometer transmitter. 


Instrumentation and Control 

Housed in a control room overlooking the test bench, a 
desk-type console and an instrument cabinet contain the engine 
contrels and test instrumentation. A _ triple safety-glass 
observation window mounted in rubber and lined with sound- 
absorbing tiles reduces vibration and noise. In this experi- 
mental installation the window is protected by steel sliding 
covers. 

The instruments are functionally grouped on the control desk 
and side panels to cover temperature, electrical, oil pressure, and 
torque-measuring readings. A galvanometer is used to measure 
compressor outlet and exhaust-gas temperatures, and three 
thermometers record ambient air, inlet and outlet oil tempera- 
tures. Electrical instruments covering engine control and 
measurement are mounted in the console desk and left-hand 
cabinet, along with the oil pressure and torque-measuring units. 
All aircraft engine instruments are duplicated enabling checks 
against the bench instrumentation of the transmitting units fitted 
to individual engines to be made under running conditions. 

A self-contained fuel instrument panel is fitted in the right- 
hand control cabinet and incorporates a sealed glass observation 
panel. The installation includes all instrumentation for 
observing and controlling the fuel flow, temperature, pressure 
and density, and the necessary services. An inhibiting oil 
system is combined with the fuel supply to allow the last 
part of the test run to be made with the engine running on 
inhibiting oil. A washing system for cleaning the engine 
internal air passage during running is provided; it uses a 
special mixture to remove atmospheric dirt and possible 
propeller oil to restore engine performance. 

To simulate different operating altitude conditions at the 
engine fuel-flow control valve, a test rig is provided to induce 
a depression on the atmospheric side of the valve capsule. This 
consists of a hand-operated vacuum pump to draw air from a 
storage bottle and a fine-control needle valve in the capillary 
circuit to the engine for adjusting the degree of depression 
induced on the fuel-flow control unit. 

Apart from the experimental use of the Mk. 2 Curran test 
bench by Rolls-Royce at Gloucester, installations have been 
ordered by a number of airline operators, including Continental 
Air Lines and Philippine Air Lines for normal Dart overhaul 
work.—P.R.R. 
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The Kilowatt Speaks 


: HE Father of Radar,” the “Enfant Terrible of Naviga- 

tion,” call Sir Robert Watson-Watt, as you will. Sixty- 
six inches of dynamic energy, generated in a Scots cathedral 
city nearly 66 years ago, his career has had an electrical effect 
on the development of the electronics industry. His book* is 
built on a similar square plan, being nearly 500 pages thick. 
Like the man, it vibrates at such a high potential that shocks 
to the less well-insulated reader must be expected. 

In particular, the book may repulse individuals with similar 
interests, because it lays claim to three great ideas, the three 
steps to victory: radar, cathode-ray direction finding, and 
operational research. It repeats in various forms the substance 
of the Duke of Wellington’s claim regarding Waterloo, that 
it only happened that way because he was there. Nevertheless, 
although considerable effort is devoted to grinding these three 
major axes, at least no attempt is made to blunt the choppers 
of others. Those who feel that the title of the book should 
have been, “ Watt about Appleton?” must admit that, though 
the author defends his claims with vigour and even at times, 
by his own admission, with malice, this malice is tinged with 
admiration and not with envy, for in no way does he belittle 
the claims of others. 

However, the majority of the readers of THE AEROPLANE will 
probably not be eager to claim more than a relatively minor 
rdle in the three steps to victory. To them the book is, there- 
fore, to be commended wholeheartedly, for it is a delight and 
an enlightenment. Nevertheless, there is perhaps one note of 
warning that should be sounded. It is too pungent to be 
taken in large doses, and not easy to read. This is partly 
because the language is full of subtle similes, sly allusions, 
alliterations and inspired malapropisms which dart about the 
pages like free electrons and present quite a problem of capture 
to the normal heavily damped intellect. Also, like Sir Robert’s 
waterhens, the subjects scutter about, switching from pre-War 
to post-War and back again to prove a point or illustrate an 
idea. Fortunately, the quarter of a million words are divided 
up into no fewer than 76 chapters so that to savour the book 
to the full we can restrict our reading to two or three of these 
at a time. 

The first 70 pages are autobiographical, with a description of 
school days and work in meteorology, with a drift towards 
radio by emphasis on the detection of thunderstorms. As far 
back as the early 1920s, the cathode-ray presentation was 
developed. The distant flash of lightning was made to flick 
radially the centre spot of a cathode-ray tube, the direction 
of the radial flick showing the direction of the flash. Hitherto, 
direction finding of flashes had been a question of luck, depend- 
ing on whether the equipment happened to be “ looking” in 
the right direction at that particular instant. 

The book explains later how this elegant and simple pictorial 
presentation of instantaneous direction lay fallow for many 
years and not until 1941 was it used to any great extent. It 
then appeared as a heaven-sent system for finding the direction 
of U-boats in the Atlantic from the transmissions of their con- 
versations with the German High Command and with each 
other. 

Curiously enough, as is freely admitted in the chapter “ My 
Greatest Mistake,” Watson-Watt was slow to pursue the applica- 
tion of this instantaneous cathode-ray presentation to early 
warning coastal radar. However, he appreciated the possibilities 
of his 20-year-old lightning detector system in time for equip- 
ments to be produced to detect Hitler's thunderbolts, the V.2s, 
at take-off No other system could have been expected to be able 
to pick up the distant responses from these missiles in the few 
seconds between their appearance over the radio horizon and 
their disappearance into the upper layers of the atmosphere. 

However, perhaps the most fascinating chapters of the book 
deal with the incredibly rapid development of early warning 
radar. This really originated from Watson-Watt’s memorandum 
on “ Detection and Location of Aircraft by Radio Methods” 
submitted to the Government in February, 1935, to which, as 


** Three Steps to Victory.’ By Sir Robert Watson-Watt. (Odhams, 30s.) 


the book generously points out, the calculations of Mr. A. F. 
Wilkins greatly contributed. From then until the War broke out, 
the story is one of remarkable progress. For the originator, it 
may have seemed slow and faltering, and may have contributed 
to his cynical misquotation “they also serve who will not 
stand and wait.” But the inspired support of the Air Ministry 
led to the beginnings of a system which, by 1938, was making 
practice interceptions on airliners coming into this country. 

But more was done than simply the building of radar stations. 
A systemi of reporting and control of fighters was evolved and a 
system of radio identification of friendly aircraft, I.F.F., was 
brought into service shortly after the War began. Before then 
the detection of friendly aircraft by the early warning radar 
chain set up what the book refers to as a “ chain reaction,” with 
further unidentified friendlies pursuing the unidentified friendlies 
pursuing the original friendly aircraft. 


Our Gift of the Magnetron 


Radar, with the associated system of fighter control, enabled 
us to put into the air, at the points of danger, forces big enough 
to give battle wherever the enemy attacked and irrespective of 
how many attacks were made. To the Germans, this power to 
foresee what would happen and to be in time to forestall it 
was a bitter surprise, so bitter that they lost confidence in their 
own intelligence system. 

Alongside early warning radar, Watson-Watt’s team had 
been developing an airborne interception radar, A.I., but the 
transition from a ground equipment weighing tons to an 
airborne equipment weighing pounds was a slow business. 
However, in the winter following the Battle of Britain, when 
the enemy turned to night attacks, A.I. was coming into service. 
The first success was in November, 1940. 

The success of radar in the Battle of Britain emphasized the 
sad failure of radar at Pearl Harbour. Watson-Watt tells 
how he was sent to America immediately afterwards and how 
generously his criticisms of their system were received. Even 
more interesting is the story he tells of the tour in Sir Henry 
Tizard’s party in the autumn of 1940. On Friday, October 3. 
the British mission visited the Bell Telephone laboratories and 
handed to them as an unconditional gift, without Lease or 
Lend, a “little black box” containing the magical magnetron. 
By the Monday, the Americans had satisfied themselves that 
the “little black box” was developing up to a thousand times 
as much power as the United States had ever produced before 
at centimetric wavelengths. 

In a sense, this is the point, three-quarters through the book, 
where the climax is reached. The last quarter deals with the 
introduction of radar into gunlaying, the use of REBECCA 
Eureka and the successes of OBoe. It tells also of the problems 
of introducing H2S, airborne bombing radar, into Bomber 
Command and the devastating effect of the sudden introduc- 
tion of WINDow. 

It is in this last part of the book that we find a number of 
serious criticisms of the Services, in particular of the Royal 
Air Force. The poor use of Coastal Command airborne 
radar is blamed for the escape of the “Scharnhorst” and 
* Gneisenau” from Brest. The attitude of the Commander-in- 
Chief, Bomber Command, is quoted in connection with the 
failure to use radar bombing methods to the full earlier in 
the War. And the story is told of the giving away of the H2S 
secrets by one of our captured airmen. 

The book ends on a dismal note, an account of the successful 
claim made by Watson-Watt and his team for financial reward 
on account of the work so vividly described in the book. The 
translation of this magnificent endeavour into money is indeed 
an anticlimax; as the book so rightly says, this should never 
have been necessary. 

How can we sum it up? A fascinating tale of a wonderful 
period of British history. Full of stories of great men, Churchill, 
Sholto Douglas, Lord Cherwell, Sir Henry Tizard, Lord 
Beaverbrook, “ the wily young-old rascal,” and the members 
of the great radar teams. Full of life and fun and discontent. 
Reeking of Robert Watson-Watt!—Navicus. 
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A Man of Parts 


ANY people in aeronautical circles in this country and the 
Commonwealth and in the United States will learn with 
deep regret of the death of Alfred Charles (Alec) Boddis who 
died suddenly in London on February 8 from coronary throm- 
bosis. He had been confined to bed with what he described in 
a recent letter as a slipped disc. 

He had a wide experience of the supply side of the aviation 
business and his views on men and events were trenchant and 
illuminating, springing as they did from a wide experience and 
understanding of human motives. 

In 1945 and 1946, in association with another well-known 
civil servant experienced in contracts work, Edward Pickles, 
he played a considerable part in ensuring that the nationalized 
airlines took over their own buying. At that time the airlines 
were not sure of their ability to settle prices. They wondered 
how they would-set about financing development and another 
problem was, how were relative priorities between military and 
civil types to be settled. Times have changed since then! 

Born on September 28, 1895, Boddis was educated at Merchant 
Taylors’ School. He was appointed secretary to the Air 
Mission which went to Canada in 1938 and was a member of 
the Mission which went to Australia and New Zealand the 
following year. He became well known in the United States 
as a consequence of his joining the British Supply Board in 
North America as Contract Member. In 1940 he was appointed 
Director of Contracts, British Air Commission, U.S.A., a post 
he held until 1942 when he became Controller of Supply 


THE AEROPLANE 


Services. In 1944 he became Director of Contracts at M.A.P. 

He was Secretary cf the Iron and Steel Board from 1946 until 

1949. He retired in 1950 as an Under-Secretary of the M.o.S. 
He was appointed C.M.G. in 1943. 


Missiles by Douglas 


URTHER DETAILS of two important missiles, the Genie 

and Thor, have been released by the Douglas Aircraft Co., 
Ltd. The Genie MB-1 is the first American air-to-air guided 
weapon to nave a nuclear warhead. It has taken just three 
years for Douglas, in co-operation with the Air Research and 
Development Command of the U.S.A.F., to get the weapon into 
service (see THE AFROPLANE, January 31). 

According to Gen. E. E. Partridge, C.-in-C. of the North 
American Air Defense Command, the MB-! Genie is the “* most 
important air defensive development since radar and probably 
the safest weapon ever developed.”” The Genie remains inert 
in the nuclear sense until it is armed in the air. 

First firing of the Genie was on July 19 last year at the 
Atomic Test Site, Nevada (THE AEROPLANE, August 2, 1957), 
when it was launched from an F-89 Scorpion at 15,000 ft. 

Several successful launchings of the Douglas Thor IRBM 
have now been made. Douglas states that the Thor was taken 
from conception to readiness for launching within 11 months. 
The project began on December 27, 1955, when the Ballistic 
Missile Division of the Air Research and Development 
Command signed a contract with the Douglas Aircraft Co. as 
prime contractor for the weapon system. 


Enthusiasm for the Air 


HAT nothing of particular significance emerged from the 

speeches delivered at the Waldorf on February 7, when the 
Association of British Aero Clubs and Centres held its annual 
dinner, is perhaps an indication that the Association is still 
making progress without the necessity of oratorical boost. 

Mr. AlrEY NEAVE, Joint Parliamentary Secretary, M.T.C.A., 
before proposing the health of the A.B.A.C. said that at this, 
the 11th, annual dinner there was no doubt about the future of 
the flying clubs, not only for recreational purposes but also in 
providing a career, and that his Ministry was working towards 
further schemes for recruitment of pilots. His references that 
the decision the M.T.C.A. had given regarding the closing of 
Croydon must remain was greeted with unrestrained groans, 
which seemed to originate mostiy from the Surrey club 
members. 

He paid tribute to the absent chairman of the A.B.A.C.. 
Eustace Miles, whose untiring efforts enable the Association to 
achieve so much. 

Replying to the toast, VISCOUNT RUNCIMAN, the president, 
said that the domestic affairs of the Association were now 
somewhat easier. He paid tribute to Sir Alfred Le Maitre, just 


Auzey, NEAVE Sir Rts 
Joint lat tener MAITRE. 
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elected a vice-president of the Association, for immediately 
undertaking a job of work on its behalf by attending the dinner, 
and also to Miss Stella Southern, the secretary, for her indefati- 
gable work, in particular for organizing the annual dinners so 
well. 

The toast to ‘‘ Our Guests * was proposed by SIR ALFRED LE 
MalrtTReE, who in his speech took up the cry of the sporting 
pilots for the production in Britain of a new 100-h.p. 100-m.p.h. 
light aeroplane, selling at not more than £2,000. He expressed 
the hope that the director-general of the S.B.A.C. (who was 
present) would not be concerned exclusively with his “ Big Top” 
at Farnborough and would induce some massive brain like 
Sir George Edwards to become interested. 

Mr. C. I. Orr-Ewinc, Parliamentary Under-Secretary of 
State for Air, responded, and in his speech placed emphasis on 
the part the clubs played in acting as a reserve for the military 
Services; he wanted to correct the misconception that, with 
the introduction of missiles and electronics generally, there was 
little room for pilots in the R.A.F. Manned aircraft could 
attain a flexibility of operation that missiles could not, and 
there was still a career for the Service pilot. 

The next speaker was the 
ABBE AMIARD, of the Fédéra- 
tion Aéronautique de I’Union 
Francaise, who regarded him- 
self as the ambassador of the 
French nation and of the flying 
clubs, and conveyed to the 
assembly the best wishes of all 
the flying clubs in France. He 
revealed that the Flers rally this 
year, about the hdlding of which 
there had been doubts, would 
in fact take place; the date is 
June 7-8. 


ATT LENNOX-BOYD 
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Finally, the Rr. Hon. A. T. 


ABSENT FRIEND = LENNOX-BoyD, now Colonial 

™ ca Secretary, presented the trophy 

which bears his name and which 

was instituted when he was 

Minister of Transport and Civil 

Aviation. This year, for the 

E " : second time running, the 
(BRAC popes ally recipient was the Elstree Flying 
ym aac ray ly ting Club, and it was accepted by 
i The Melle Last. its C.L, Mr. David Ogilvy. 


iin ? H.J.C. 


a Pe 
a 
3 ee 
t, 
it 
d 
rt | 
y 
| | 
L = / i ae i Ne a 4 
VON Ve OF a) ee 
~ S ( = fs) . 5 
) : 4 4 4 - 
ae 
E 
| ae 
, g | “bic. | “ESE 
Z * Di Nor os r 
, — ee 
aS Fran!" oY gy) | 
M lHbbé oOo °\ “ 
Ber Amarp \ ; 
OGINY Fedéeation - —— : 
eu tin OO 
°C, Winnstes of da Lica | 
ae Le om Boyd Pancake 
— ee 
. - . 
Se > nna 


= 


eh id So 
es pes 


THE AEROPLANE 


270 


FEBRUARY 21, 1958 


PRIVATE FLYING 


H.J.C.’s Club Commentary : 


@ AFTER operating the Hawk- 
Trainer 3 for five years and judging it as 
the most suitable at a price which it can 
afford, the Experimental Flying Group at 
Croydon has decided to improve those 
it has for their remaining years of service. 
The modifications have already been done 
on the first aircraft (G-AITN). 

The improvements are an increased fuel 
capacity (from 21 to 28 gal., giving an 
extra hour’s endurance) by lengthening 
the standard tanks; the fitting of hinged 
cowlings (a la Chipmunk) which can be 
operated by hand instead of a screw- 
driver, and a reduction in the flap area by 
removing the outer panels so that the 
rate of climb in the event of an over- 
shoot is improved. The flap area has 
been reduced by about 50%, and the rate 
of climb at full load with flaps down 
has accordingly been nearly doubled. 
The change of trim with flaps extended 
has been reversed—from nose-down to 
nose-up. 

The club has two Hawk-Trainers. The 
other is G-ALIO, and a third was on 
loan for a few months early in the year. 
Very soon a third will be added perman- 
ently to the fleet, and it is being paid for 
by increasing the rate for licensed pilots 
(whose numbers are growing) to S5s. 
Instructional rates have been maintained 
at 45s. an hour dual and solo, despite 
increased maintenance and other costs, 


CLUB FLEET.—Three aircraft types—Aiglet, Chipmunk and Tiger Moth—are 
operated by the Oxford Aeroplane Club at Kidlington. 


and are based on a minimum of 350 hr. 
per aircraft a year. 

In 1957 the group completed exactly 
800 hr. flying. Of this total 720 hr. were 
flown by AITN and ALIO. 


@ SEVEN MILES north of 


Oxford, at Kidlington, the Oxford Aero- 
plane Club has just completed its most 
successful year to date. During the pas: 
12 months members flew 1.424 hr. 25 min. 
and about 20 P.P.L.s were gained. 
The club started the year with three 
Tiger Moths. Another Tiger, a Chipmunk 
(G-AOSJ) and an Aiglet (G-AMTE) have 
been added. The Tigers are registered 


G-ALNA, AMEY, AOEL and APBI. 

The C.F.I. is Mr. C. F. Cockburn, and 
apart from the full flying-training facili- 
ties available, the normal ground trainiag 
is supplemented by lectures. 

A new club building is nearing com- 
pletion, and social facilities should be 
greatly improved when it comes into 
service. A second “At Home” party 
(the first was held last September) is 
scheduled to be held this year. 

The club is operated by the Goodhew 
Aviation Co., Ltd. The chairman is Mr. 
Peter Clifford (who won the King’s Cup 
in a Mew Gull in 1955) and the secretary 
is Mr. A. G. Jakeman. 


Report of A.B.A.C. dinner on page 269. 


OUTH AFRICA held its National 
Gliding Championships at Kimberley, 
near the western end of the Orange Free 
State, during December. There was no 
“home team,” as Kimberley is without a 
gliding club, but among the visitors 
Southern Rhodesia was represented for 
the first time, the pilots being Eric Burditt 
with a Skylark 2 and David Ryland with 
a Superspatz. Both performed well, tak- 
ing second and third places among a 
record entry for a South African con- 
test. Other entries came from the Cape, 
Durban and Pietermaritzburg, Johannes- 
burg, Pietersburg, South West Africa, 
Parys and Kroonstad. 

The first two tasks, an 80-mile triangle 
and a 100-mile out-and-return, proved too 
difficult. On the second of these an 
unnamed pilot is reported to have come 
down near a road, had an auto-tow along 
it behind “a van” (owner unspecified), 
caught a thermal and flown back to base. 
So tar, the leading pilots had been two 
from Baragwanath (Johannesburg) 
Peter Leppan and Boet Dommisse (South 
African champion—-Swiss Moswey)—and 
Heini von Michaelis from the Cape. 

* 7 * 

On the third day, in better weather, 
Burditt of Rhodesia completed a 100-mile 
triangle in 2 hr. 33 min., and Dommisse 
in 2 hr. 47 min. Next day a 120-mile 
out-and-return was flown in 24 hr. by 
Dommisse, who holds the World’s two- 
seater out-and-return record of 271 miles; 
this time it was Burditt’s turn to come 
second. After a Sunday’s rest, these two 
finished a 140-mile race southwards to 
De Aar in the same order. 


GLIDING NOTES 


Free distance was set for Tuesday, 
December 10, when Burditt went farthest 
with 156 miles, but Dommisse, with 
150 miles, took over the lead in the whole 
contest from Leppan, who was unable to 
get away. Then came an 85-mile race 
E.S.E. to Bloemfontein, won by Leppan 
with 2 hr. 23 min., closely followed by 
Burditt with 2 hr. 39 min. and Dommisse 
with 2 hr. 56 min. 


* * * 


Gold “C™ distance was achieved’ on 
December 12 by von Michaelis in his 
ancient Minimoa, 21 years old; he 
reached Edenville, more than half-way to 
the scuth coast, and, appropriately 
enough in a flight from Kimberley, 
earned a diamond because it was his 
goal; he thus becomes the sixth South 
African Gold “C” pilot. But Burditt 
outdid him in distance the next day, 
with 315 miles E.N.E. to Paardekop, 
beating the South African distance record 
held by Dommisse with 265 miles. 
Burditt was actually after bigger fry: he 
had given as his goal Lourengo Marques, 
in Delagoa Bay on the east coast, distant 
about 540 miles, a figure that exceeds 
the World's distance record. As it was, 
he netted a second diamond to his 
Gold “ C,” having exceeded 500 km., and 
being, I believe, only the second pilot 
in the Commonwealth to do so. He took 
64 hr. and reached 12,000 ft. above 
ground on the way. 

Final scores were given out, not as 
totals, but as average scores per flying 
day for each pilot, so that no one should 
be penalized for sharing his machine with 
a pilot of less skill. Thus, top scores 


in the Open Championship were: 
Dommisse, 883; Burditt, 817; Ryland, 688: 
von Michaelis, 627; Leppan, 598. Scores 
were calculated separately for a National 
Championship, which Dommisse also 
won, and a Team Competition, won by 
Edi Leeman and G. Clarry with a 
Kranich from Baragwanath. 

* x > 


MPERIAL COLLEGE GLIDING 

CLUB, now 28 years old, held its 
annual dinner on February 7. Among 
the after-dinner speakers Nicholas 
Goodhart, replying to the toast of “ the 
guests,” related how he was promised a 
sight of the club’s latest construction at 
the College. Having read about gliding 
groups in foreign technical universities 
who design and build their own sail- 
planes, he was all expectancy, until he 
was at last shown—a trailer! 

The club is to make an expedition to 
Perranporth on the Cornish coast in the 
summer, and its financial acumen is such 
that it has come to a business arrange- 
ment with a local holiday camp whereby 
campers’ fees will be reduced, presumably 
in return for providing the other campers 
with sober entertainment. 

* * * 
EEDS UNIVERSITY may have its 
own gliding club, with the co- 
operation of the Yorkshire Club. If the 
scheme is successful, there should eventu- 
ally be another club in the running for 
the Brunt Trophy, awarded annually for 
the greatest altitude by a pre-graduate 

member of a university club. 

There is also a move to start a gliding 
club for Glasgow.—A. E. SLATER. 
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FEBRUARY 21, 1953 


THE AEROPLANE 


CORRESPONDENCE 


Reviving an Industry 

READ with interest Edgar Percival’s article on “ How to 

Produce More Light Planes,” in THE AEROPLANE of 
February 7. 

As a clear-cut exposition of the present position and how 
it can be altered, the article is first-class in its clarity and I 
have yet to read a better one. I agree entirely with what 
Mr. Percival has to say and can only hope that the matter is 
not allowed to rest where it is at the present time. 

The time appears to be opportune for someone with a 
little assistance to open up a new field for British aviation— 
one in which, in the past, we have excelled. 

Rochdale, Lancs. 


An Old Story—Suggested Here—Tried There 

N Tue AEROPLANE of April 29, 1955, you published an article 

on “Fatigue Indicators.” This was just after the Comet 
inquiry. 

The article was, in fact, a suggestion for using thin strips of 
aluminium bonded to critical parts of an aircraft structure. 
Each strip has a “ Vee” notch in it which would fracture earlier 
than the main structure to which it is bonded, thus giving 
warning of an impending fracture in the aircraft’s structure. 

Shortly after the article appeared, the Flight Safety Center at 
Cornell University, U.S.A., made inquiries about this proposal 
at the R.A.E. but evidently the R.A.E. was not enthusiastic. 

Now it appears that engineers at the Douglas Aircraft Co. 
have developed similar test strips which are now being issued 
to aircraft operators for service trials. ( American Aviation, 
December 2, 1957.) 

I wonder if any comparable research has been carried out 
on this side of the Atlantic? 

Pinner, Middx. 


F. DUNKERLEY. 


“ SAFETY FAcTor.” 


Major Gerrard’s Record 


WAS amused to see Mr. Beales’ letter in THE AEROPLANE on 

January 24, and almost wish it were true that Gerrard did 
not set up a record in the B.E.7 as I should then be spared the 
apparently hopeless task of trying to find a photograph of it. 

However, there is no doubt that he did so. If Mr. Beales 
refers to Dallas Brett’s History of British Aviation, 1913, entry 
number 14, he will see that “On May 2, Maj. E. L. Gerrard, 
of the Naval Wing, R.F.C., set up a new British passenger alti- 
tude record by taking two passengers to a height of 8,400 ft. 
in a B.E. tractor biplane, which had been equipped with a 
14-cylinder Gnéme rotary engine of 140 h.p. 

I have several other references to this flight, on which a 
certain Major Trenchard was one of the passengers, including a 
recent letter from the now Air Commodore Gerrard himself. 
This gives the whole history of events leading up to the flight, 
and of another to over 10,000 ft. with only one passenger— 
again Trenchard. 

Surbiton, Surrey. J. W. R. TayLor. 

Hendon for the Army? 

OW that the Royal Air Force has made its last flight at 

Hendon would it not be wise for the Army to take it over 
before it goes to the builder? The Army has its own Air Corps 
and will require near London at least one and possibly more 
airfields for its light planes, helicopters, and ultimately its 
“horpicopters.” The last named are certainly coming for 
soldiers to use for river crossings. At the National Aircraft 
Show, Oklahoma, September, 1956, I saw some of them and the 
U.S. Army has ordered 100 of one type for experiments. 

In this connection one would like to see in future years the 
Army plan restoration of the Hendon Display in the London 
season. Ariny types of aircraft would be ideal for training 
and set-pieces showing the Army’s aviation réle; aided by R.A.F. 
jetplanes which could participate without alighting. 

Such a show would be very popular and of especial recruiting 
value to the Army which is now appealing for officers and men 
for the Parachute Brigades. 

Rottingdean, Sussex. 


Missile Data Sheets 


OR some years I sought for a successful solution to the 

problem raised by Mr. Watson in THe AgrropLaNe for 
January 24. I suggest that, as he removes each sheet. he 
numbers them and files them in numerical! order and then sets 
up an index, in any order he pleases, giving name, type and the 
page on which each is to be found, to facilitate reference. 

Were he to buy two copies of THe ArFRopPLANE, then he 
could use a loose-leaf system, which I have for aircraft, 


WILLIAM COURTENAY. 


whereby each leaf has one type only, on which are pasted 
information and photographs as desired. The leaves can be 
kept in a convenient order and up to date, with completed 
types and filled leaves filed elsewhere, as they occur. 

Two copies of THE AEROPLANE, Mr. Editor. Sir, wouldn’t be 
necessary were you to oblige “ collector” types, such as myself, 
and print such collated information on one side only, and back 
it with an advertisement on something with less wide appeal. 

As it is, I shall have to combine both methods, by use of a 
master index, as I do with your “Aircraft Industry Review ” 
supplements. (I would not want the “A.I.R.s” any other way 
than they are—they are too valuable as a chronological 
survey.) 


Anerley, London, S.E.20. E. G. Hart. 


Patterson Rides Again. Jimmy “Helpful” 
Patterson, who handled United Aircraft’s very sociable 
publicity in Europe from their London office for 
several years, has not forgotten old friends now he’s 


settled back in Hartford, Conn. He writes to tell of 
a P. & W.* jet-engine provisioning conference just 


held there, attended by reps. of nine airlines who 
will be using his company’s products. The 1,500 
engine parts were displayed in supermarket fashion 
and without going so far as to suggest that P. & W. 
had me in mind when they devised the scheme, Jimmy 
thinks there’s a cartoon idea somewhere there. Try 
this one for size, J.P. 

*Pratt & Whitney, not Patterson & Wren. 


* 


The M.H.D.O.LF. One of the nicest things about 
producing a column is the mail it evokes from you 
friendly readers. Several have asked for more 
citations of the War-time Tee Emm award, the Most 
Highly Derogatory Order of the Irremovable Finger. 
With the kind help of the Air Ministry Information 
Division, this column will recall a few. This week’s 
concerns Major of the S.A.A.F., decorated for 
Joining Very Briefly in the War Without Authority. 
In 1945 he was a navigator under instruction, flying 
in a Harvard with an R.C.A.F. pilot on a night cross- 
country exercise. The aircraft completed the first leg 
of the exercise and then turned on an easterly course, 
after which nothing was heard until the end of the 
War when the missing crew were discovered to be 
prisoners of war. Major —— stated that the 
incident was due to a slight error on his part in 
setting the airspeed of 140 m.p.h. on the compass. 
By thus steering 140° the aircraft was flown over 
enemy territory, but as after breaking cloud they were 
picked up by searchlights and passed from airfield to 
airfield at the last of which they were given all 
facilities for landing, they did not realize, until they 
were surrounded by armed Germans, that they were 
not in England. * 


DEEP PEEP.—In his book “ Lifeline in the Sky,” 
about the U.S.A.F.’s Military Air Transport Command, 
author/artist Clayton Knight tells of two airmen who 
were spanning the Pacific for the first time. “ Man, 
look at all that water,” said one. The other replied, 
“Yea, boy, and that’s only what's on top.” 
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FEBRUARY 21, 1958 


NOTES AND EVENTS 


NEW PROCESS.— Designed as a cold 
paint-bonding phosphating treatment for 
spray application, the SPC Process has 
been developed by the Walterisation Co., 
of Croydon. The cost of the treatment is 
very low. Bulk quantities at 21s. 6d. per 
gal., with a coverage of 1,000 sq. ft. per 
gal., give a chemical cost of less than 4d. 
per sq. ft 


ALUMINIUM SPECIFICATIONS.— 
The Northern Aluminium Co., Ltd., has 
issued a new edition of its booklet, 
“ Specifications for Aluminium and Alu- 
minium Alloys Products.” Summarizing 
the official British specifications for alu- 
minium alloys in semi-fabricated forms 
and the principal alloy manufacturers, the 
publication is available on request from 
the company at Banbury, Oxfordshire. 


EXPLORATION IN AFRICA.—Spar- 
tan Air Services of Canada has estab- 
lished a subsidiary in Rhodesia and 
Nyasaland and will begin operations very 
shortly. The company will undertake 
geophysical and geological exploration 
besides aerial surveys of natural 
resources. 


STRESS COMPUTER.—An electronic 
computer named DAEAC (direct analogy 
electric analogue computer) has been 
installed at Marcetta by the Lockheed 
company. Costing $250,000, DAEAC 
will be used to analyse stress and flutter 
problems arising from high supersonic 
speeds. 


FACTORY COMPLETED. — Semi- 
conductors, Ltd., announces the comple- 
tion of its transistor factory at Swindon. 
Costing £300,000 and covering 40,000 sq. 
ft., it is windowless, dustproof and fully 
air-conditioned. The factory will be in 
production by the middle of this year 
making a wide range of silicon and 
germanium high-frequency transistors—in 
their entirety for the first time in this 
country. The company was formed in 
May. 1957, by the Plessey Co., Ltd., and 
the Philco Corpn. of America. 


CHANGE OF NAME.—In future the 
Self-Priming Pump and Engineering Co.., 
Ltd., of Trading Estate, Slough, Bucks, 
will be known as SPE Co., Ltd., aero- 
nautical, electrical, mechanical and 
hydraulic engineers. The company’s 
London office is now at 20-26 Lamb’s 
Conduit Street, W.C.1. 


POWER METER.—Marconi_ Instru- 
ments, Ltd., of St. Albans, has introduced 
a new R.F. power meter, the first of its 


TRANSISTOR FACTORY. 
—One of the bays of the 
new Semiconductors, Ltd., 
works at Swindon referred 
to on this page. The 
location of services in the 
floor ready for the in- 
stallation of production 
equipment, and the air- 
conditioning vents in the 
roof, can be seen. 


kind to be produced commercially in this 
country. With this instrument—the Type 
1205—direct measurements of powers up 
to 500 W. may be made at any frequency 
from pc to 500 Mc/s. The equipment 
has commercial as well as military appli- 
cations and meets the requirements of 
transmitter operators who are working on 
higher powers and frequencies in the VHF 
and UHF bands. 


GOODYEAR ANTI-SKID.—Follow- 
ing the recent skid-warning demonstration 
by the Aviation Division of the Goodyear 
Tyre and Rubber Co. (Great Britain), 
Ltd., at Wallasey, for airline and aircraft 
manufacturers’ a (THE 
AEROPLANE, January 17), a_ further 
demonstration has been held at the A. 
and A.E.E., Boscombe Down, for M.o.S., 
Air Ministry and Admiralty personnel. 


COLD COMFORT.—A dual-temperature 
cabinet has been manufactured by Lec 
Refrigeration, Ltd., of Bognor Regis, for 
installation in B.O.A.C. Britannia 103 
and 312and Comet IV airliners. Divided 
into two refrigeration compartments, one 
for normal food storage and the other for 
frozen foods, the cabinet has an 8-cu. 
ft. capacity. An initial order for 65 has 
been placed. 


LORAN ORDERS.—B.O.A.C., P.A.A., 
Qantas and Cubana have placed firm 
orders with Edo Corporation for their 
airborne Loran equipment, to be used in 
pas turbine-powered aircraft now on 
order. 


E.F.A.S. ORDERED.—The C.A.A. has 
confirmed a contract with Sylvania Elec- 
tric Products, Inc., for 31 complete elec- 
tronic flash approach systems (E.F.A.S.) 
for use at selected airports in the U.S.A., 


Aviation Calendar 


F 25.—R.Ae.S. Section lecture, 
“* Guided Flight Trials,” by R. W. Boswell, 
O.B.E., at 19 Park Lane, London, W.1, at 
18.00 hrs. 

February 26. — R.Ac.S. Presidential 
Address, by Sir George R. Edwards, at 
Church House, Westminster, London, 
S.W.1, at 18.00 hrs., followed by reception 
at 4 Hamilton Place, London, W.1. 

ebruary 26.—R.Aec.S. Preston Branch 
lecture, “* Problems Associated with Non- 
metallic Materials in Aircraft,”” by N. J. L. 
Megson (R.A.E.) and E. W. Russel 
(R.A.E.), at the R.A.F. Association, 
Preston, at 19.30 hrs. 

February 26.—Kronfeld Club lecture, 
“The Necessity for Aviation Insurance,’’ by 
J. Riseley-Prichard, at 74 Eccleston Sq., 
London, S.W.1, at 20.00 hrs. 

February 26.—British Inst. of Radio 
Engineers lecture, ‘ Dectra, A Long-range 
Navigational Aid,’’ by C. Powell, at the 
London School of Hygiene and Tropical 
Medicine, Keppel St., Gower St., London, 
W.C.1, at 18.30 hrs. 

February 27.—Acrodrome Owners’ Asso- 
ciation A.G.M., at 19 Park Lane, London, 
W.1, at 15.00 hrs., followed by Annual 
Dinner at Hyde Park Hotel, London, W.1, 
at 19.00 hrs. 

February 27.—R.Ae.S. Bristol Branch 
lecture, ** Servicing of Civil Aircraft,” by 
I. Gregory (Chief Maintenance Engineer, 
B.E.A.), in the conference room, Bristol 
Aircraft, Ltd., Filton House, Bristol, at 
18.00 hrs. 

February 28.—Hampshire Aeroplane Club 
dinner/dance, at the ‘“* Potters Heron,” 


pton. 

March 1.—British Interplanetary Society 
lecture, *“* The Guidance and Control of 
Long-range Vehicles,” by Professor G. A. 
Whitficld, B.Sc., F.Inst.P., A.M.I.E.E., 
A.F.R.Ae.S., in the Tudor Room, Caxton 
Hall, London, S.W.1, at 18.00 hrs. 

March 4.—R.Ac.S. Luton Branch lecture, 
** Ultra-sonic Testing of Light Alloys,”’ by 
J. Crowther, in the Napier senior staff 


London Airport 
Branch second annual dinner. 

March 5.—ilth Louis Blériot Lecture, 

“The Future of Aeronautical Research,” 
by Professor W. J. Duncan, C.B.E., D.Sc., 
F.R.S.,_ F.R.Ae.S., at l’Aéro-Club de 
France, 6 Rue Galilée, Paris, 16¢, at 
17.00 hrs. (local time). 

March 7.—Helic. Assn. of Gt. Britain 
lecture, ‘“‘Some Ways of Obtaining an 
Integrated Aircraft,”’ by Dr. D. Kiichemann, 
F.R.Ae.S. (R.A.E., Farnborough), in the 
R.Ae.S. library, 4 Hamilton Place, 
London, W.1, at 18.00 hrs. 

March 11.—Inst. of Civil Engineers lec- 
ture, ** Akrotiri Airfield, Cyprus,’” by J. 
Ellis, at Gt. George St., London, S.W.1, 
at 17.30 hrs. 

March 11.—R.Ae.S. Boscombe Down 
Branch lecture, “* Navigation and the Air 
Traffic Contro! Problem,’’ by D. O. Fraser, 
F.IL.N., A.R.Ae.S., in the lecture hall, A. 
and A.E.E., Boscombe Down, Hants, at 
17.45 hrs. 


plus one more for Brazil. Each E.F.A.S. 
comprises 20 Strobeacon lights at 100 ft. 
intervals, which flash in rapid sequence 
to produce a moving pointer to the run- 
way threshold. 


New Patents 
APPLICATIONS ACCEPTED 
792,676.—Curtiss - Wright Corporation. — ** Flight 

computing systems.””—June 6, 1955 
Gune 14, 1954). 
792,687.—Junker, A., and Borgeaud, G.—** Heli- 
4 copters.”’—April 11, 1956 (April 14, 1955). 
792,865.—Sperry Gyroscope Co., Ltd.—** Aircraft.” 
Nov. 2, 1955 (Nov. 16, 1954). 
792,668.—Hobson, H. M., Ltd., Greenland, L.S.. 
Westbury. R., and Smith, C. P.— 
“* Aircraft.","—Dec. 7, 1955 (Jan. 12, 1955). 
792,680.—All American Engineering Co.—** Aircraft 
undercarriages.""—Aug. 4, 1955. 
792,905.—Fairey Aviation Co., Ltd.—** Hydraulic 
pressure contro] systems.""—March 21, 
1956 (March 21, 1955). 
792,596.—Cordoba, R.—** Device for rotating an 
aircraft wheel prior to landing."’ —May 24, 
1956 Gune 2, 1955). 
792,.626.—Specialities Development Corporation.— 
** Means for operating switch mechanism 
on the deformation or severance of an 
elongate structural member."’—June 14, 
1955 Guly 20, 1954). 
792.7i11.—Soc. Nationale de Constructions Aéro- 
nautiques du Sud-Ouest.—** Attachment 
device which is destructible at a pre- 
determined moment especially for para- 
chutes.""—May 17. 1955 (May 18, 1954). 
Applications open to public inspection on April! 2, 
1958; opposition period expires on July 2, 1958. 
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